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By tJie same Editor, 



A PRACTICAL HANDBOOK of DYEING and 
CALICO-PRINTING. In 1 vol. Svo.with 11 Page Plates, 
49 Spedmens of Dyed and Printed Fabrics, and 36 Wood- 
cuts, price 42«. 

among the best works ever pro- 
duced in this department. We 
cannot, therefore, omit calling to 
it the attention of such of our 
readers as are conversant with the 
English language, and shall be 
happy to assist Uiem in procuring 
copies.' 



*Mr. CaooxBs*s book may be 
best compared with the earlier 
work of Shiitzenberger, which, how- 
ever, it surpasses in the special 
attention paid to dyeing properly 
so-called. As regards complete- 
ness, execution, and the patterns, 
dyed and printed, it may rank 



BBivAjnT*s Journal of the Ustftd Arts, No. 43. 



On the MANUFACTURE of BEET-ROOT SUGAR 
in ENGLAND and IRELAND. In crown 8vo. with 11 
Wood Engravings, price 8«. 6d, 



* Mr. Crookbs's book gives us a 
complete history of the sugar-beet, 
its varieties, composition, and pnl- 
ture, and includes an elaborate 
account of the manufacture of beet- 
root sugar and spirit. The last 
chapters relate to the accessory 
subject of the production of potas- 
sium salts from beets, and to the 



excise regulations. Considering 
the growing extent and the im- 
provements continually introduced, 
this work may be regarded as 
satisfactorily representing the pre- 
sent position of the industry of 
which it treata. It is essentially 
a manu&cturer*s manual.' 

Medico-Chibubgical Bbvibw 



SELECT METHODS in CHEMICAL ANALYSIS, 
chiefly INORGANIC. In crown 8vo. with 22 Woodcuts, 
price 128, Qd, 

* This is one of the most valu- 
able additions to our works on 
practical chemistry which has for 
many years issued from the press. 
It consists of all the more import- 
ant new and modified processes in 
analytical chemistry which have 
been from time to time published 
in the Chemical News — a journal 
which is edited by the Author. 



These processes have been care- 
fully considered, approved of, modi- 
fied, and in most instances verified 
by Mr. Cbookes; and they have 
been carefully arranged and placed 
under convenient heads. Every 
one who is in any way engaged in 
chemical analysis should provide 
himself with a copy of Mr. 
CsooKBs's invaluable work.' 

Dublin Mmdical Joubnal. 
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EDITOB'S PEEFACE. 



Mr. G. Auerbach's monograph on Anthracen and its 
Derivatives is generally recognised both by manufacturers 
and by scientific theorists as the authority on this 
interesting and important section of organic chemistry. 
It presents us with a summary of all important researches 
on the subject, compiled and digested by one who has 
made the anthracen derivatives his speciality, and who 
has had great practical experience in some of the most 
eminent establishments for the manufacture of artificial 
alizarin. An English version of this work has been for 
some time considered as a desideratum by all persons 
interested in the production and in the application of 
artificial colouring matters. 

The present edition is founded upon a manuscript 
copy carefully revised and extended by the author so as 
to embrace all the most recent improvements. 

All temperatures throughout the work are stated ac- 
cording to the Centigrade scale, and the specific gravities 
of liquids are given as on Baume's hydrometer. 
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AUTHOB'S PEEFACE. 



When the first German edition of this book (Seehagen, 
Berlin) appeared four years ago, it was my purpose to 
render it as complete as possible, so that every one 
might find in this monograph all researches bearing upon 
Anthracen and its Derivatives duly classified, without 
requiring to search for the memoirs scattered through 
scientific journals. But if this object was almost attained 
four years ago, so many novel and important facts have 
been ascertained since that date, that the book requires 
to be remodelled and rendered complete. Thus, in 
a technological point of view, we may instance the 
discovery of accurate methods for determining the value 
of anthracen, whereby the utterly untrustworthy pro- 
cesses with alcohol and bisulphide of carbon have been 
superseded ; further, the researches on the formation of 
alizarin from monosulphanthraquinonate of soda, &c. 
On the other hand, in the purely scientific region we 
may mention the beautiful researches of Baeyer and 
Caro on the synthesis of anthraquinon derivatives from 
phthalic acid and phenolen ; the investigations of Lieber- 
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VIU AUTHORS PREFACE. 

mann on chrysammic acid, and many other investigations 
of distinguished interest. 

In general, the plan of the earlier edition has been 
adhered to, but has been rendered more systematic. 
The isomeric compounds have been arranged in groups 
so as to admit of an easier survey. The arrangement 
of the bibliographical appendix has been retained as far 
as practicable. 

In order that the work may fulfil its object as a 
complete monograph of Anthracen and its Derivatives, I 
respectfully request all chemists engaged in the study 
of this subject to point out to me any memoirs which 
may have escaped my notice, and kindly to forward me 
copies of the journals in which such researches have 
appeared. 

May the work serve to draw increased attention to 
the study of this interesting compound and of its deri- 
vatives ! 

G. AUERBACH. 

Sttdburt, Middlesex: 

Septeniber 1876. 
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ANTHRACEN AND ITS DERIVATIVES. 



In the year 1832 Dumas and Laurent discoyered a hydro- 
> carbon, wliich they obtained from those portions of coal-tar 
~ which boil at the highest temperature. From their analyses 
they deduced the formula C^^Hja, and as this formula was 
1^ times the molecular weight of naphthalin, they named 
the newly discovered body paranaphthalin. Laurent, who 
examined this compound further, and described some of its 
derivatives, proposed the name of Anthracen in place of para- 
naphthalin. He was led to this change by the consideration 
that a number of hydrocarbons, polymeres of naphthalin, 
were present in coal-tar, all of which were entitled to the 
generic appellation of paranaphthalin. The name anthracen 
appeared to him also better fitted for forming the names of 
the derivatives according to his system, e.g. anthracenuse. 
The next addition to our knowledge of this body was due to 
rritzsche in 1857. He described a solid hydrocarbon, obtained 
from coal-tar, to which he attributed the formula Ci4Hjq, and 
pointed out that this compound had many properties in 
common with Laurent's anthracen, but differed from it 
essentially in many others. Thus Dumas and Laurent had 
observed the melting-point at 180% whilst Fritzsche found it 
210**, The latter chemist, on its analysis, obtained numbers 
exactly corresponding with the formula Ci4Hjq, which was 
confirmed by the composition of the picrate Ci4HjoCgH2 
(NOj)jOH. Fritzsche, therefore, left the identity of the 
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2 ANTHRACEN. 

compound which he had examined, with Laurent's anthra- 
cen, an open question, and gave no name to the compound. 
Shortly afterwards Anderson made an extended investigation 
of the solid constituents of tars boiling at high temperatures, 
and published his results in 1862. He described under the 
name of anthracen a hydrocarbon of the same formula as 
that discovered by Fritzsche, and prepared from it a series of 
interesting derivatives. Although many of his observations 
differed essentially from Laurent's statements, he retained 
the name given by the latter chemist. He also declared his 
anthracen identical with the hydrocarbon of Fritzsche. In 
1866 Limpricht discovered the synthetic formation of this 
body by heating the chloride of benzyl to 180° with water. 
In the same year Berthelot announced that anthracen is 
formed fi^m various more simple hydrocarbons by the action 
of heat. He found that toluol alone, or a mixture either of 
styrol and benzol or of benzol and ethylen, yielded anthracen 
if passed through an ignited tube. At the same time he 
made a communication on the extraction of anthracen from 
tar, confirmatory of the views of Anderson. A year later 
(1867) Fritzsche returned to the hydrocarbon which he had 
previously described, giving an account of its purification 
and of its physical properties, and of one of its derivatives, 
of importance as a reagent. In opposition to Anderson and 
Berthelot, he contested its identity with anthracen. In 1868 
Graebe and Liebermann discovered that a hydrocarbon could 
be obtained from alizarin by reduction, possessing the same 
properties as Anderson's anthracen. 

Whilst Berthelot, Limpricht, Graebe, and Liebermann 
regarded the hydrocarbon described by Anderson as a chemi- 
cal individual, Fritzsche considered it as a mixture of two 
bodies, which he named photen and phosen. Anderson's 
anthracen and Fritzsche's photen, however, scarcely differ 
from each other in their properties. The melting-point is 
the same, and the accounts as to solubility and behaviour 
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ANTHBACEN A CHEMICAL ENTITT. 8 

with reagents show no discrepancy. The diversity existing 
as to the magnitude of the crystals and as to fluorescence 
only proves that Fritzsche succeeded in preparing anthracen 
absolutely free from the foreign admixtures which still 
adhere to Anderson's specimens. But that anthracen is a 
distinct chemical entity may be inferred with certainty 
from the derivatives obtained both by Anderson and by 
Graebe and Liebermann, all of which appear as well-charac- 
terised chemical compounds. It is, however, by no means 
denied that other hydrocarbons with high boiling-points may 
be found in coal- tar. Berthelot, indeed, has shown the ex- 
istence of compounds, which he has named acenaphten and 
fluoren, and his statement is confirmed by Graebe and 
Liebermann. 

Dumas and Laurent have doubtless examined an anthra- 
cen mixed with these compounds. That the substance de- 
scribed by these chemists is to be regarded thus, and not with 
Berthelot as methylanthracen, appears from the following 
reasons. Dumas and Laurent obtained their paranaph- 
thalin from that portion of coal-tar which boils at high 
temperatures, just as Anderson procured the hydrocarbon 
which he describes. Their description agrees perfectly 
with an impure anthracen. Their published analyses show 
too little hydrogen for methylanthracen. The carbon is too 
low both for methylanthracen and for anthracen, and is 
therefore untrustworthy, the sum of the percentage of carbon 
and hydrogen being notably below 100. 

calculated for 
Dumas and Laurent C15H12 Ci4iri« 

C. . . . 92-22 93-75 94-38 
H. . . . 605 6-25 5-62 



98-27 100-00 100-00 



The vapour density as determined by Dumas, 6-74 
(Troost, 6-3, C14H10 requiring 6-17, and Ci^Hia 6-65), can 
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4 ANTHBACEN. 

afford no proof, since tlie specimen employed, according to 
its description, did not possess the character of pnrity. Lau- 
rent's anthracenuse, however, proves more decidedly the 
correctness of the view of Graebe and Liebermann. This com- 
pound is identical with Anderson's oxanthracen, the anthra- 
chinon (anthraquinon) of Graebe and Liebermann, as was 
already assumed by Kraut in Gmelin's * Handbuch.' The 
earlier analyses of Laurent agree distinctly with the formula 
Ci4Hg03, but very badly with his own CigHgOg. The proper- 
lies of this oxidation-product, so highly characteristic of 
anthracen, leave no doubt that Laurent obtained anthra- 
quinon in a state of purity, and that the substance from which 
it was prepared must have consisted mainly of anthracen. 

Constitution of Anthracen and its Derivatives. 

Graebe and Liebermann were the first to express the 
view that anthracen was formed of three benzol rings, in 
the same manner as naphthalin of two. The following 
formula shows how the chemical structure of anthracen is to 
be regarded upon this hypothesis : 

H H 

-0 

/ s 






CH 

C-CH 



HO-C CH 

HC=CH. 

The reasons which Graebe and Liebermann adduce for 
this view depend, firstly, upon Kekule's theory of the aro- 
matic compounds, and secondly, upon the assumption that 
naphthalin is formed of two benzol-nuclei. 
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CONSTITUTION OF ANTHRACBN. 6 

According to the synthesis discovered by Limpricht, two 
principal products axe obtained on heating chloride of benzyl, 
CgH5(CH2Cl), with water in sealed tubes to 180% — ^anthra- 
cen and dibenzyl. Two molecules of benzylchloride attach 
themselves to each other, losing two molecules of hydro- 
chloric acid and two atoms of hydrogen. The latter act upon 
two other molecules of benzylchloride, and occasion the 
formation of dibenzyl, which may here be left out of consi- 
deration. The formation of anthracen corresponds to the 
following equation : 

2CeH, (CH^Cl) = Ci^Hjo + 2HC1 + 2H. 

The simplest inference from this reaction would be the 
assumption that anthracen might be regarded as diphenyl- 
acetylen (CgH5)C=C(CgH5), the chlorine and hydrogen 
atoms of the lateral catenae being eliminated during its 
formation from benzylchloride. But even before the publi- 
cation of the most recent researches of Limpricht and 
Schwajiert, Graebe and Liebermann pronounced this view 
inaccurata, in consequence of the derivation of alizarin from 
anthracen. As the tinctorial body just named yields on 
oxidation phthalic acid, it cannot be regarded as a derivative 
of diphenylacetylen, since these derivatives must yield on 
oxidation, benzoic acid or substituted benzoic acids. In the 
meantime, Limpricht and Schwanert obtained tolen, which 
from its formation and properties must indubitably be re- 
garded as diphenylacetylen, which proves the correctness of 
the assumption, that the constitution of anthracen must be 
different. Graebe and Liebermann were led by the simi- 
larity of anthracen and naphthalin to their view as to the col- 
location of the atoms in anthracen, as figured above, with 
which the formation of this hydrocarbon from benzylchloride 
can be easily harmonised. 

If we assume that, firstly, a molecule of hydrochloric acid 
is removed from each of the lateral chains, which in conse- 
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6 ANTHBACEN. 

qaence attach themselves to each other by two bonds, and 
that, secondly, the two benzol rings, corresponding to the 
formation of diphenyl, unite by the loss of two atoms of hy- 
drogen, we arrive at the following stmotore of anthracen : 

HC-CH HO-CH 

HC CH HC CH 

\ / \ / 

0=0(H) 0=0 

/ / \ +2HC1+2H 

(HOI) HO (H)C-CH yield HO C-OH 

(01H)HC-HC OH 0-0 CH 

0=0 0=0 

H H H H 

Benzylchlorid. Anthracen. 

The bonds set free by the removal of the atoms in paren- 
thesis attach themselves, as is easily seen, to each other, so 
as to form three benzol rings. 

The same synthesis, taken in connexion with the circum- 
stance that alizarin yields on oxidation phthalic acid, leads 
naturally to the following formula, if it is assumed that each 
methyl group is united by one bond with the benzol-ring 
of the other benzylchloride, the two lateral chains being 
simultaneously connected with each other. 

HC-CH 



HC CH 

\ / 

c=c 

HC-CH 
HO CH 
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Graebe, and along with him probably all chemists, de- 
pending on Van Dorp's synthesis, and on the behaviour of 
anthracen with soda-lime, have adopted this latter structural 
formula, as belonging to anthracen. It shows that anthra- 
quinon is not a true quinon, but a double keton. The first 
formula is recognised as appropriate to phenanthren. The 
formula for anthracen might be most simply written, thus : 




CgH4>s,^^ ^CfiH^. 



We may here go so far as, depending on the formation 
of phthalic acid, to resolve the formula more in such a 
direction that in one at least of the benzol nuclei, the 
lateral chains have the position 1, 2 ; the formation of ali- 
zarin from phthalic acid and pyrocatechin makes this very 
probable. 

The synthesis of anthracen from styrol and benzol, as 
discovered by Berthelot, may indeed be more readily ex- 
plained according to the first formula, but the second for- 
mula also throws sufficient light on the progress of the 
reaction. Tor this reaction benzol and styrol, when passed 
through a red-hot tube, would lose four atoms of hydrogen, 
yielding : 

But if we bracket those atoms of hydrogen which are evolved, 
and suppose that the atoms of carbon are connected by 
the bonds thus set at liberty, we perceive that a compound 
may be formed from benzol and styrol, which possesses the 
first constitution of anthracen. 



Digitized by 



Google 



8 ANTHRACEN. 

HO-CH HC-CH 

HC CH HC CH 

C=C (H) yield C=C + 4H 

HC Styrol HC C-CH 

\-/ \, 

(H)C-CH B. \ X 

(H)C CH H H 



(H) 



HC=CH 

Benzol. 

According to the second formula the reaction would pro- 
ceed as follows : — 

HC-CH HC-CH 

HC CH HC CH 

C=C(H) Styrol C=C 

HC=CH(H) = HC-CH +4H 
(H)C=C(H) C=C 

HC CH Benzol HC CH 

H H Anthracen. 

The remaining syntheses observed by Berihelot can all 
be reduced to the two cases just described ; the formation of 
anthracen from toluol when passed through ignited tubes 
corresponds to that from benzylchloride — 

SCyHg = C14H10 + Hg. 
The synthesis from styrol and benzol can be regarded as 



Digitized by 



Google 
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parallel to that from ethylen and benzol, since in this styrol 
appears as a main product^ from which probably the anthracen 
is afterwards formed. 

In its physical properties anthracen much resembles 
benzol and naphthalin, and forms with these hydrocarbons a 
series whose members are distinguished by the increment of 
C4H3. Between the boiling points of the bodies there is an 
approximately equal distance. Anthracen boils about at the 
same temperature as mercury. If we therefore take its 
boiling-point as 360% we find the following scale of diffe- 
rences : — 





Boiling-point. 


Differenee. 


Melting' point 


CeHe . 


. . . 80° 


— 


6° 


C,oH, . , 


, . . 216° 


136° 


79<» 


Cj^Hjo . . 


, . . 360° 


144° 


218° 



The two higher members are strikingly similar as regards 
their external properties and crystalline character. They 
form monoclinar crystals closely resembling each other. In 
their melting-points and solubilities, benzol, naphthalin, and 
anthracen evince the character of an ascending series. The 
former rise with the increasing amount of carbon, and the 
compound becomes less soluble. 

The behaviour of the three hydrocarbons with chemical 
agents is also very similar. None of them«yields on oxidation 
an acid with the same proportion of carbon. They all evince 
great permanence as regards the chemical arrangement of 
the atoms of carbon which are not readily torn asunder. 
But whilst in benzol and naphthalin chinons appear as the 
characteristic products of oxidation, anthracen under similar 
circumstances produces a double keton, for as such we must 
regard anthraquinon, on account of its formation from the 
benzoate of lime. 

As in benzol and naphthalin, all the hydrogen-atoms of 
anthracen have a distinct aromatic character; the com- 
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10 ANTHRACEN. 

pounds formed from anthracen by the addition of hydrogen 
and bromine behave like the corresponding deriyatives of 
benzol and naphthaUn. All the considerations, therefore, 
which go to prove that benzol consists of one closed circle 
and naphthalin of two, apply also to anthracen, and are 
opposed to the assumption of saturated or non-saturated 
lateral chains. 

Supported on the assumption founded in the foregoing as 
to the constitution of anthracen, we may take a further step, 
and consider the position of the atoms in the substitution- 
products of anthracen. Alizarin not only yields phthalic 
acid when oxidised, but can also be obtained from it synthe- 
tically. Hence it follows that the two atoms of oxygen must 
be combined with the two central atoms of carbon, and as 
alizarin is formed from phthalic acid and pyrocatechin, it 
further follows that the two hydroxyls are contained in the 
same benzol nucleus. If the two hydroxyls and the atoms of 
oxygen are replaced by hydrogen we obtain anthracen, and 
its formula may then be written simply as follows, the atoms 
of hydrogen belonging to one and the same circle being 
written together : — 

(H. 

We have then "for alizarin the following formula:-— 



Cu 






H,(OH), 



This formula is confirmed by the formation of alizarin 
from phthalic acid and pyrocatechin, and shows also simply 
how phthalic and oxalic acids are formed from alizarin. Fur- 
ther, we know that the two hydroxyls assume the position 
1, 2, as in pyrocatechin. From this formula for alizarin 
it follows that also in tetrabromanthracen the four atoms of 
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POSITION OP HYDROXYLS. 11 

bromine take the same position as the atoms of oxygen and 
the hydroxyls; that therefore two atoms of bromine are 
connected with the two interior atoms of carbon, and two to 
the outer ring in the position 1, 2. That the two atoms of 
oxygen are linked to the interior atoms of carbon is no 
longer open to doubt, but it may perhaps be of interest to 
give the reasons which were formerly advanced in favour of 
this supposition. 

Benzol yields on direct oxidation no quinon ; from naph- 
thalin naphthaquinon may be with difficulty obtained in a 
direct manner; from anthracen the derivative in question 
may be obtained readily. This shows that a larger accumula- 
tion of carbon facilitates the formation of quinons. But in 
anthracen the two atoms of hydrogen belonging to the 
middle ring are in the greatest degree surrounded by carbon, 
and the ready formation of anthraquinon is therefore in favour 
of the above assumption, which is also supported by the 
great stability of anthraquinon. If the atoms of oxygen 
were contained in one of the outer nuclei, this would probably 
be more readily oxidised, and a naphthalin carbonic acid 
would be obtained. The formation of anthraquinon from 
bibromanthi'acen by means of oxidising agents, which do 
not convert bibrombenzol and bibromnaphthalin into the 
corresponding quinons, makes it probable that the atoms of 
bromine replace those atoms of hydrogen which take a 
peculiar position, and which in a certain manner are more 
aromatic than those of benzol and naphthalin. If these 
considerations are accepted, which may be done the more 
as there is much in their favour and nothing against them, 
the following formulsB may be assigned to the bromo and 
quinon derivatives of anthracen : — 



oj 



(^4 



Brg Bibromanthracen. 



IH. 
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12 MTHBACEN. 



Cu 



Br, Bibromanthracentetrabromide. 



(5. 

Gu \ Bfa Tetrabromanthracen. 
(fl,Br, 



Cu 



H, 



{O^Y' Anthraquinon. 

is: — 
H4 



■'14' 



(Oj)" Alizaxin. 



IH,(0H), 

Preparation and Properties of Anthrac&n. 

The synthetic methods for the preparation of anthracen 
have been indicated above. 

It is obtained, as was stated, on heating benzyl chloride 
with water to 180** in sealed tubes — 

2(CeH,(CH,Cl) = Ci,H,^ + 2HC1 + 2H. 

The action of water upon ben^ylchloride is perfectly 
analogous to that of zinc upon a mixture of benzylchloride 
and aromatic hydrocarbons. The water plays, in the first 
place, an introductory part; the reaction then begins be- 
tween two molecules of benzylchloride, so that the benzol 
nucleus of the one molecule loses 1 H, and the other mole- 
cule 1 CI, which both are thrown off as hydrochloric acid, 
whilst at the same time the chloride 

CgHg — GB^ — CgH^ — CM2CI 

is formed. This latter enters again into reaction in various 
ways. It may next, losing HCl, become condensed, forming 
the hydrocarbon — 

OgH^ — CM, "~ CgM^ "— Oil,. 
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It may further react with one molecule of benzylchloride in 
the manner above described, forming a complicated chloride, 

CeH,-CH,-CeH,-CH,-CeH,-CH,Cl, 

'^hichy in turn, again undergoes the same reactions as the 
chloride of the second degree. There result, therefore, on 
the one hand, hydrocarbons of the composition C^H^, and on 
the other, chlorides of the composition Cj^HuCl, CjjHigCl, 
C,,U,,Gl, &c. 

In the second place, the water, especially at elevated 
temperatures and on prolonged action, exerts another in- 
fluence, — it decomposes the chlorides formed, and converts a 
part of them into the corresponding alcohols and ethers. 
The ultimate product of the reaction is therefore a mixture 
of different hydrocarbons, chlorides, alcohols, and ethers, 
whose molecular weight increases with the duration of the 
reaction. Besides the chloride, Ci4Hj3Cl, and a hydrocarbon 
boiling at an elevated temperature, Zincke was unable to 
obtain any well-characterised compound ; but all observations 
show that the reaction proceeds in the manner indicated 
above. Zincke became convinced, further, that in the crude 
product neither anthracen nor benzyltoluol are present, but 
that both these hydrocarbons are formed during distillation. 
The manner of their formation, indeed, is so peculiar and 
complicated, that it could not be discovered theoretically. 
Anthracen is formed on the distillation of its principal 
quantity, but decidedly only in the second place. It is no 
direct product of decomposition, but owes its formation to a 
previously formed and very complicated hydrocarbon, which 
is split up under the influence of heat into anthracen and 
other hydrocarbons. Benzyltoluol, on the other hand, is a 
direct product of decomposition, and is especially formed 
from the chloride, C14H13CI, which is resolved into hydro- 
chloric acid, benzylchloride, benzyltoluol, and hydrocarbons 
of high molecular weight ; in small quantities it also seems 
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14 ANTHRAGEN. 

to be formed, along with anthracen, during the decomposi- 
tion of the latter. The entire process of formation of an- 
thracen and benzyltoluol from benzylchloride may be repre- 
sented as follows : — When benzylchloride is heated with 
water there are formed the bodies mentioned above, among 
which the chloride, C14H1JCI, which boils in a vacuum at 
204^-206'* with partial decomposition, and hydrocarbons with 
a high boiling-point (from 280*' to above 300*' in a vacuum) 
predominate, whilst oxygenous bodies are only present to 
a small extent. On the distillation of these crude bodies, 
which in all cases should be freed from undecomposed benzyl 
chloride by means of a current of steam, there appear, if they 
are heated under ordinary atmospheric pressure, principally 
hydrochloric acid, water, benzylchloride, benzyltoluol, and 
resinous or tarry hydrocarbons, which on further heating 
yield anthracen and toluol, along with small quantities of 
other bodies. A small portion of the resinous or tarry 
hydrocarbons, which yield on decomposition anthracen, is 
possibly already present in the crude product. In any case, 
the latter approach the hydrocarbons formed directly from 
benzyl chloride. Like these, they correspond to the formula 
nCyHg, and are only distinguished by their molecular 
weight. The decompositions above described may be traced 
very accurately in a vacuum, where the decomposition of the 
chloride C14H13CI is less energetic, the formation of hydro- 
chloric acid is less prominent ; but water and benzylchloride 
with benzyltoluol, as well as the resinous hydrocarbons, are 
plentifully formed. The latter are generally obtained as 
solid masses, resembling colophonium, which melt below 
100% giving oflf a pleasant aromatic odour. In a vacuum 
they boil without decomposition, but if heated under atmo- 
spheric pressure they are split up into anthracen and toluol. 
The chloride Cj^HigCl, as obtained by Zincke on distilla- 
tion in vacuum, manifests similar phenomena of decomposi- 
tion; if heated under atmospheric pressure, ifc yields hydro - 
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chloric acid, benz jlchloride, benzjltoluol, and a residue which 
afterwards yields anthracen and toluol. If the chloride is 
distilled in a vacuum, the same decomposition ensues, though 
slowly. A portion distils undecomposed, but the greater 
part is decomposed as above described, so that on each suc- 
cessive rectification of the chloride larger proportions of the 
resinous hydrocarbons are obtained, which in turn naturally 
yield anthracen and toluol. Various other bodies are also 
formed in small quantities on the distillation of the crude 
product; amongst others a hydrocarbon, which boils in 
vacuum at a pressure of 20 to 30 mm., at 264**-267®; further, 
very small quantities of a solid hydrocarbon, which melts 
at a low temperature, also small quantities of oil of bitter 
almonds and anthraquinon, both which are to be regarded 
as decomposition-products of oxygenated bodies formed from 
benzylchloride. 

Anthracen, therefore, as evidently appears from these 
experiments, is simply a product of the splitting up of a 
higher hydrocarbon, probably of the formula nC^H^. 

Similar splittings-up are manifested of the higher hydro- 
carbons, which are formed, along with benzylchloride and 
benzyltoluol, by the action of zinc upon mixtures of benzol 
or toluol with benzylchloride; they are generally resolved 
with little loss into anthracen or toluol. The technological 
observations made concerning the preparation of anthracen 
from coal-tar go to prove that this hydrocarbon is not con- 
tained as such in the tar, but is formed during distillation. 
Probably many of the bodies obtained from tar owe their 
origin to similar decompositions of higher hydrocarbons. It 
must, however, be here admitted that some chemists assume 
the pre-existence of anthracen in the tar, and maintain that 
they have ascertained its presence by analysis. Anthracen 
is also formed by heating styrol with benzol, 

C3H, + CeHe=CuHio + 4H. 
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1 6 ANTHEACEN. 

or by heating benzol with ethylen, 

2CeHe + C^H, = C14H,, + 6H. 

The latter mode of formation supports the second fonnula 
proposed by Graebe and Liebermann. 

Anthracen, however, is most readily formed from those 
parts of coal-tar which boil at the highest temperature, of 
which, according to Grace Calvert, it forms only 1 per cent. 
According to M. Beimann, the tarry oils from the Swabian (?) 
lias-slate are rich in anthracen. According to Grace 
Galvert, it seems to be formed, or at least liberated, in the 
last part of the process. If the distillation is only carried 
so far that a very soft pitch remains, the oils obtained yield 
little or no anthracen. If the distillation is pushed so far as 
to produce 10 or 15 per cent, more oil, a hard pitch remains, 
of little or no value ; whilst the anthracen obtained, accord- 
ing to the nature of the coal, may amount to from 1^ to 8 per 
cent, of the heaviest oils. It is scarcely remunerative to de- 
teriorate the quality of the pitch for the sake of secuiing it. 
Its separation from the heavy oils and its purification are 
very tedious. The purest product which Galvert was able to 
obtain on a moderately large scale, contained 40 per cent, of 
anthracen if cold-pressed, and 70 per cent, if hot-pressed. 
Its preparation is embarrassed by the circumstance that at 
moderate temperatures anthracen very readily dissolves in its 
homologues; thus, e.g. at 40° to 60° an oil yields on filtration 
a relatively large amount of anthracen, which at 70° to 80° 
is completely dissolved. 

The manufacture of anthracen from coal-tar is conducted 
as follows : 

If the coal-tar is distilled in the usual manner, it yields 
on the average per ton (=1,000 kilos, or 900 litres) about 
13-14 litres (=455 to 490 fluid ounces) of ammoniacal 
liquor, 29 to 30 litres (=1,015 to 1,050 fl. oz.) of very light 
oils containing benzol, 90 to 100 litres (3,150 to 3,500 fl. oz.) 
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DISTILLATION OP TAR. 17 

of light oils still containing a little benzol^ and fit for nse as 
lamp-naphtha. 

If the. process is broken oflf at this juncture, there re- 
mains in the still the so-called asphalt, a black mass, semi- 
liquid even when cold, and consisting of heavy oils and of 
pitch. If, on the contrary, the distiUation is continued, as 
is commonly done, from 300-312 litres (10,500 to 10,920 fl. 
oz.) of heavy oils, so-called creosote-oils, are obtained. The 
residue in the still is then fluid enough to be run off when 
hot ; but on cooling it congeals to a black, shining, brittle, 
solid mass, 'hard pitch,' which softens only at high tempera- 
tures, and which even in summer can be carried in open carts 
without packages. 

In many cases the distillation is only pushed so far as to 
yield 190 to 200 litres of the heavy oils. The residue is 
then * soft pitch,' an intermediate step between asphalt and 
hard pitch. At ordinary temperatures it is solid and hard, 
though less brittle than the ^hard pitch,' and somewhat 
flexible. At slightly elevated temperatures it becomes soft 
and plastic like wax, and in the heat of summer it melts, 
and can therefore be transported unpacked in open carts 
only in winter. 

The heavy oils consist of liquid oily hydrocarbons, naph- 
thalin, phenol, cresol, and similar products, and contain also 
more or less anthracen. On account of the separation of 
naphthalin and anthracen at reduced temperatures, they 
have often a butter-like, smeary consistence ; their colour is 
at first yellow or yellowish-green, but on exposure to the 
air passes gradually into a brown, which constantly grows 
darker. 

The distillation of the heavy oils, especially if it is in- 
tended to obtain lubricants and anthracen, may be appropri- 
ately divided into two or three periods. The substances 
most valuable as lubricants, naphthalin, cresol, and phenol, 
are relatively the most volatile, and pass over first. Anthracen 

c 



Digitized by 



Google 
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does not appear till the last period of the process. The phe« 
nomena observed during this fractionated distillation are as 
follows : — 

The distillate first passing over, if a small sample is 
allowed to cool in a flat vessel, is fonnd to deposit naphthalin 
in crystals. So long as this takes place, the oil is collected 
separately, and used for the impregnation and preservation 
of wood, for which purpose it is peculiarly fitted, on account 
of its high percentage of phenol (carbolic acid). 

When the distillate remains fluid on cooling, it is col- 
lected in another receiver, and used as a liquid lubricant. 

After a time the distillate, on cooling, no longer remains 
fluid, but assumes a thick, paste-like consistence, due to the 
deposition of paraffin. This product, the so-called * green 
grease,' containing heavy oils, naphthalin, phenanthren, and 
anthracen, is the principal material for the manufacture of 
anthracen, and is, according to J. Gessert, most conveniently 
worked up in the following manner : The paste-like mass is 
first * whizzed' in a centrifugal machine. The residue, still 
containing many oils, is heated to about 40^ C, and intro- 
duced into powerful hydraulic presses, which, if practicable, 
are fitted with hot plates in the style of oil presses. In this 
manner the greater part of the oils is removed, leaving a 
cake rich in anthracen. The filter-press may also be very 
advantageously used for preparing crude anthracen. The 
paste-like mass, heated to 30®-40% is pumped into the filter- 
press, which msij be conveniently combined with the hy- 
draulic press, and thus a crude product, rich in anthracen, 
is at once obtained. The use of the filter-press is particularly 
to be recommended in the treatment of oils containing but 
little anthracen, and which are too mobile to be introduced 
into the centrifugal machine. 

E. Kopp has carefully studied the preparation of anthra- 
cen from coal-tar, and especially from soft pitch, and has 
arrived at the following results. The distillation of the tar 
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should be pushed only to the point when the white naph- 
thalin and the phenol have passed over, and the heavy oils 
are still liquid; 120 to 160 litres of heavy oil may, therefore, 
be obtained per ton. These contain mere tracses of anthracen, 
the bulk of which remains behind in the sofb pitch. 

In this soft pitch, obtained from the gas-works of Turin, 
Eopp found considerable quantities of anthracen (4 to 6 per 
cent.). At the present price of this article it would be re- 
munerative to sacrifice the pitch, in order to extract from it 
the anthracen and certain other products. To obtain the 
largest possible yield of anthracen from this soft pitch, 
certain precautions are absolutely necessary. 

The still must be greater in breadth than in depth, and 
the distillation must not be carried on too rapidly. The pipe 
for the exit of the vapours must be of a large size, and must 
open into the still only 1^ to 2 decimetres above the surface 
of the boiling pitch, and then bend immediately downwards, 
so that the heavy vapours scarcely require to rise, but may 
flow easily out, and at once sink downwards. The condens- 
ing-water must be very warm even at the outset, and must 
subsequently be kept boiling. Towards the end of the pro- 
cess the efflux of the vapours must be promoted by a current 
of superheated steam or of gas. A current of steam has 
the advantage as compared with gas that, being in itself 
capable of condensation, it does not interfere with the con- 
densation of the vapours of the heavy hydrocarbons. Still 
these vapours condense so readily that a current of gas, if 
not too violent, is not injurious. 

As a current of gas we may use atmospheric air ; or better 
still, in order to avoid every risk of conflagration or explo- 
sion, a mixture of carbonic oxide and nitrogen* This 
mixture is obtained by passing air through a stove, or a 
red-hot iron tube, filled with wood charcoal. 

The distillation of the soft pitch is conducted as follows : 
The iron still (for operations on a scale not too large) is filled 

c 2 
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with melted pitch, heat being at once applied. As soon as 
distillation begins, the fire is moderated, in order to obviate 
boiling over, which, however, does not readily occnr. When 
a certain quantity of heavy oil has passed over, an equal 
volume of melted pitch is introduced through a vertical tube, 
which passes through the dome of the still, and dips into the 
boiling pitch to half its depth, and which is capable of being 
opened and stoppered. In this manner the level of the pitch 
within the still is kept nearly constant. Thus as much more 
pitch is gradually introduced as the still originally contained. 
At the same time the superheated steam and the current of 
air deprived of its free oxygen are caused to sweep directly 
over the surface of the boiling pitch, or are even conducted 
into it. In this manner the vapours of anthracen are me- 
chanically swept away, and condense partly in a fused state, 
but partly as a crystalline sublimate. 

The still is not to be heated too violently, lest the pitch 
should bum on its bottom, and lest it should be difficult to 
observe the progress of the operation. Great care must be 
taken that too much orange vapour of chrysen, pyren, and 
benzerythen does not pass over, which would greatly compli- 
cate the subsequent purification of the anthracen. Towards 
the end of the process the distillation may be regarded as 
sublimation. 

In most eases the residue in the still is sufficiently liquid 
to be run oflF, whilst hot, in the ordinary manner. 

If it is too thick to flow off, it is not difficult to arrange 
the whole apparatus so that the neck of the stiU can be 
closed, and thus a pressure of :^ to ^ an atmosphere can be 
produced in the body by the influx of steam or air, which 
greatly assists in the escape of the pitch. 

If it were desired to heat the pitch till carbonised, this 
could not be done in an iron still, partly from the difficulty 
of subsequently extracting the charred mass, and partly 
because the iron would be quickly worn out and destroyed. 
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It is therefore better to use either fire-clay retorts, like gas- 
retorts, or still better muffle-fdmaces, which latter are not 
only less costly, but admit of the treatment of larger quan- 
tities at once. 

These furnaces consist of an arch rising from a hearth, 
under which the fire is conducted. Such a famace may be 
five metres in length, two in breadth, and the same in height 
to the crown of the arch. The fire-box is placed under one 
of the ends of the arched space, and the flues range back- 
wards and forwards in the direction of the sides, and are 
conducted on the opposite end into a main flue leading to 
• the chimney. The man-hole is also in one of the ends, and is 
walled up before the fire is kindled, a cast-iron frame with 
sliding doors having been first fixed in. 

In the middle of the famace vault there is a round 
aperture through which the furnace is charged with pitch ; 
and which is then again carefully closed. 

The pitch can be introduced either in blocks, or in a 
liquid state. In the latter case it is melted in a large iron 
tank fixed above the furnace, and heated by the hot air pass- 
ing through the flues before entering the chimney. If 
needful, the pitch may be melted over a separate fire. Near 
the crown of the arch, in the flat, vertical end- wall, opposite 
the fire-box, there is a moderately large round aperture in 
which is fixed an iron pipe, to conduct away the condensing 
vapours. If the pipe is sufficiently long the condensation is 
eflfected by contact with the air, but a shorter pipe may be 
used if water is applied, hot at first and afterwards boiling. 
A branch pipe leads the uncondensed vapours and combus- 
tible gases into the fire-box, where they are consumed. 

Towards the end of the operation, which may be known 
by the condensationrpipe growing cold, the fire is allowed to 
go out. Some time afterwards the above-mentioned iron 
sliding door is cautiously opened, after a part of the brick- 
work has beQn removed, and the condensation-pipe has been 
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closed. The dense vapours in the interior of the fnnmce 
catch fire and bum. Without this precaution the residual 
coke would stiU contain pitchy particles, which by the 
arrangement just described are burnt away, leaving the coke 
quite pure. When the vapours are consumed, the fire in the 
interior of the furnace expires, as the access of air is insuffi- 
cient for the combustion of the coke. The man-hole is then 
entirely broken open ; the coke, still glowing, is extracted 
and quenched with water. It yields a fine, hard, porous 
product, almost free from sulphur compounds and from ash, 
and finds a variety of useful applications. 

On account of the difficulty encountered in working up . 
anthracen contaminated with pyren, chrysen, and other 
hydrocarbons, boiling at high temperatures, it will always 
be necessary to submit the oils obtained from the carbonisa- 
tion of the pitch to re-distillation and rectification. 

Since even pure anthracen is partially decomposed on 
distillation, the process must be conducted with the aid of 
a current of superheated steam, or of hot gas freed from 
oxygen, and the operation must be broken off as soon as the 
above-mentioned less volatile hydrocarbons begin to distil 
over. 

The temperature of 360*^-380° should not be exceeded, 
and towards the end of the process the distillation becomes a 
true sublimation, the anthracen escaping not as a liquid, but 
as a powder — sometimes even crystalline. 

According to whichever method the crude, smeary, thick- 
flowiQg anthraceniferous mass has been obtaiued, it must be 
submitted to a process of purification, depending mainly on 
the following principles : — 

1. Leaving the heavy oils for some days in a cool place, 
that the anthracen may be deposited as completely as pos- 
sible. 

2. nitration, preferably by a filter-press, to separate the 
liquids from the solids. If it is simply filtered, as is often 
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necessary, the centrifugal macliine may be used before the 
first pressing. 

3. Pressing the mass twice after removal from the centri- 
fugals ; the first time cold, the second time with the simul- 
taneous application of a temperature of 30°, 40% or even 50°. 
The pressure must be applied with great care, a very power- 
ful hydraulic press being preferably employed. The oils" ob- 
tained on pressing often yield, if allowed to settle in a cool 
place, a small further amount of anthracen. After pressure 
the mass should be perfectly dry, readily friable and capable 
of being sifted. 

4. Washing the finely-ground product with benzol, light 
petroleum oils, ligroin, &c. The light, volatile benzines and 
naphthenes readily dissolve the liquid oils, naphthalin, 
phenol, &c., without at the same time dissolving appreciable 
quantities of anthracen. If the lixiviation takes place at a 
boiling heat, which is often preferable, the anthracen dis- 
solved by the benzol or petroleum naphtha is re-deposited as 
the solvent cools^ 

5. The lixiviated anthracen is then placed in a centri- 
fugal machine, or strongly pressed, and is removed to the 
drying-room. 

For the purification of anthracen the most varied means 
have been proposed. It is recommended to be treated with 
solvents, sometimes cold and sometimes hot. Some propose 
alcohol or ligroin, others benzol, naphtha, or even bisulphide 
of carbon. Some of these detergents are very unpractical, 
either on account of their high price, their volatility, or 
from their power of dissolving too much anthracen. 

Thus, at common temperatures : — 

100 parts alcohol • • dissolve 0'6 anthracen. 
„ benzol . . „ 0*9 „ 

„ bisulphide of carbon „ 1*7 „ 

These determinations of solubility refer to chemically pure 
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anthracen, but if it is contaminated with varioos other low 
hydrocarbons, as is the case with crude anthracen, its solu- 
bility in the above-mentioned purifying agents is consider- 
ably increased. Alcohol and bisulphide of carbon must be at 
once rejected, on account of their high price and their great 
volatility. Ligroin is cheap, but does not work well. Benzol 
is too dear. The best purifying agent is heavy naphtha, the 
so-called * solvent naphtha,' a mixture of the higher hydro- 
Carbons, which begins to boil about 120** C. The method of 
purification to be adopted depends on the percentage of pure 
anthracen in the crude sample. A determination of anthra- 
quinon is first made according to the method described below, 
and the crude anthracen is then divided into two classes, 
such as contain less than 25 per cent, of real anthracen, and 
such as contain more. 

The former kind is first treated in the cold with about 25 
per cent, of naphtha in an iron washing-apparatus, consist- 
ing of cylinders fitted with mechanical agitators. The an- 
thracen and the naphtha are introduced, the agitator is set 
in motion, and the mixture is stirred for twenty-four hours. 
The whole is then thrown upon a filter, which is made as 
air-tight as possible, in order to prevent the evaporation of 
the naphtha, and the solvent is removed either by atmo- 
spheric pressure or by the application of a vacuum. The 
naphtha which drains away is distilled off, the residue left in 
the still is let off whilst hot, and after cooling subjected to 
hydraulic pressure, and further treated like crude anthracen. 
The anthracen taken from the filter, once washed, is exposed 
to very strong hydraulic pressure, and contains then from 
30 to 35 per cent, of anthracen. The pressed cakes are 
ground and treated exactly like crude anthracen, containing 
more than 25 per cent, of actual anthracen. 

Anthracen containing from 25 to 50 per cent, of actual 
anthracen, is ground fine, sifted, and then placed in the 
washing cylinder, with an equal weight of naphtha, and 
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stirred. The longer it is washed the better. Heat is not 
necessary, since cold naphtha purifies the anthracen very 
well if the action is snfl&ciently prolonged. The main point 
is that the crude anthracen must be ground as fine as possi- 
ble, and that all its particles must be brought in contact with 
the naphtha. If the operation is properly conducted, the 
anthracen diffused in the naphtha is obtained in the state of 
an impalpable powder. The mixture of anthracen and 
naphtha is then placed on a filter as above directed, the 
naphtha removed as far as possible by atmospheric pressure, 
or by means of a vacuum, and the anthracen remaining on 
the filter pressed as strongly as possible in the hydraulic 
press. The cakes thus obtained are dried, the filtrate of 
naphtha is distilled, and the residue left in the still is 
treated like a crude anthracen of a low percentage. The oils 
last obtained may either be burnt, by driving them under 
the steam boiler by means of a jet of steam, or they may be 
used to saturate wood, as a coarse paint, &c. The following 
arrangement is very suitable for burning the oils. They are 
placed in an old boiler, which in severe weather may be 
heated so as to keep the contents liquid. At the bottom of 
the boiler a pipe is fixed to let off the oil, capable of being 
Opened and closed by means of a cock. This pipe leads 
under the steam-boiler, and is beaten out wide at its ex- 
tremity. Within this pipe there is another one, as in the 
tubes of a blowpipe-lamp,^ which conveys steam from the 
steam-boiler. If it is desired to heat the boiler, there must 
naturally be a certain amount of internal tension. If the 
cock of the oil-boiler and that of the steam-boiler are simul- 
taneously opened, the steam rushing out of the steam-pipe 
into the oil-pipe, converts the oil into an extremely fine 
dust, which, when kindled, heats very well. 

The anthracen cakes, obtained as above directed, must 
be comminuted as finely as possible preparatory to further 

" E.g. in Herapath'fl gas blow-pipe. 
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treatment. This minute subdivision cannot be effected by 
grinding and sifting, the best expedient being sublimation. 
Anthracen at above 50 per cent, maybe sublimed directly. 
The sublimation is performed either by means of air de- 
prived of its oxygen by a passage over ignited charcoal, or 
of superheated steam. The apparatus employed may be 
either retorts or boilers. In this manner the anthracen is 
obtained in fine white laminse, — the most suitable state for 
oxidation into anthraquinon. The process of sublimation 
cannot, however, be regarded as a means of purification, 
since most of the foreign hydrocarbons are volatilised simul- 
taneously. Sublimation, therefore, is merely a means of 
comminution. 

Instead of washing the anthracen another method has 
been applied in some establishments, although with very 
unsatisfactory results. The anthracen is mixed with caustic 
potash and a little lime, and distilled in retorts shaped 
exactly like gas retorts. Each retort is charged with 200 
kilos, anthracen, no matter of what percentage, 60 kilos, of 
Montreal potash, and 12 kilos, lime. The anthracen is pre- 
viously ground up with the potash and the lime. A strong 
odour of ammonia is often perceived, and if the mixture is 
lixiviated with water a green solution is obtained which 
deposits greenish blue flocks of an exceedingly unpleasant 
odour. After distillation there remains in the retort a wax- 
like substa^nce which takes fire on exposure to the air, and 
deposits on colder parts a white sublimate of carbazol. The 
distillate of anthracen forms solid yellow pieces, containing 
about 40 per cent, of pure anthracen. Caustic soda cannot 
be employed on account of its difficult fusibility, and as 
caustic potash melts too readily a little lime is added. The 
caustic potash can be recovered from the residue in the retort 
by lixiviation and boiling with lime. Distillation with 
caustic potash is said to destroy the chrysen present; but 
this destruction extends also to the anthracen, as may be 
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sieen from the following figures: — 600 kilos, anthracen at 
31 per cent, of pure anthracen were distilled with 180 kilos, 
potash and 36 kilos, lime. The yield was 383 kilos, of an- 
thracen at 44 per cent. The loss was therefore 17*5 kilos., 
or 10 per cent. If we include the considerable consump- 
tion of fuel required in heating the retorts, we see at once 
that this method of purification is the most costly known. 
Anthracen purified in this manner is, however, the best 
material for the preparation of chemically pure anthracen. 
It is merely requisite to wash the distillate of anthracen 
once with bisulphide of carbon, and to recrystallise several 
times from petroleum and benzol, in order to obtain splendid 
white crystalline laminae with a blue fluorescence. To pre- 
pare from the ordinary crude anthracen chemically pure 
anthracen with a blue fluorescence, is one of the most diffi- 
cult tasks. The yellow colouring matters ai'e so difficult 
to remove, and adhere so obstinately to the crystals, that 
it is scarcely possible to obtain a specimen of a higher 
percentage than 90. To obtain pure anthracen it is pre- 
ferable to sublime at the lowest possible temperature and to 
wash subsequently with ether, which dissolves the adherent 
yellow substances. Or the anthracen may be dissolved in 
benzol, and the solution may be bleached by exposure to 
sunlight. 

In the latter case anthracen separates out on cooling in 
colourless crystals, possessing the splendid blue fluorescence^ 
described by Fritzsche. Still the anthracen purified in this 
manner contains an admixture of para-anthracen. The best 
way of obtaining anthracen is the reduction of its derivatives 
with zinc powder. 

Drs. Greiff and Versmann have proposed to distil an- 
thracen from pitch, but the quality thus obtained, the so- 
called * pitch anthracen,' is exceedingly difficult to treat. By 
distillation with potash it is said to be possible to ascertain 
whether, a given sample is tar or pitch anthracen. The 
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former is said to lose nothing by this process, whilst pitch 
anthracen sustains a loss. 

To determine the valne of a crude anthracen the most 
various processes have been employed. Alcohol, petroleum 
spirit, sulphide of carbon, or a mixture of both have been used 
to remove the foreign substances present* All such methods 
of analysis have now been given up in favour of the deter- 
mination of anthracen as anthraquinon, as proposed by 
Luck — the only accurate and rational method. 

As it may, however, be of historical interest to know the 
earlier processes for the determination of anthracen, we men- 
tion the principal methods formerly in use. 

1. Alcohol process, — 20 grms. anthracen are heated to a 
boil with 100 c.c. of alcohol at 98 per cent., allowed to cool, 
filtered on a weighed filter, and washed with alcohol tUl the 
filtrate amounts to 300 c.c. The residue on the filter is 
then dried at 100^ C, weighed, and afber deducting the 
weight of the paper, calculated as pure anthracen. Accord- 
ing to Faust, 20 grms. of anthracen are treated with 150 c.c. 
of boiling alcohol at 95 per cent. ; cooled down to 15*5** C, 
washed with 250 c.c. alcohol, dried at 100** C, and weighed. 
In order to test this so-called pure anthracen for foreign 
insoluble bodies, 5 grms. are taken and boiled till all the 
anthracen is dissolved, and the liquid is filtered whilst boiling. 
The residue is further washed with boiling alcohol, and the 
portion insoluble in this liquid — which if above 1 per cent, 
is a sophistication — is deducted from the percentage ob- 
tained. 

2. Petroleum and bisulphide of carbon process. PerMn^s 
method. — 50 grms. anthracen are rubbed up with 10 ozs. 
petroleum spirit of spec. grav. 0*740, and filtered through a 
linen filter, the vessel being rinsed out and the residue washed 
with 20 ozs. more. The filter is first pressed with the hand, 
and then between iron plates in a screw-press. The residue 
is powdered, introduced into a bottle holding 6 to 7 ozs.. 
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and strongly shaken for two or three minutes with 5 ozs. 
bisulphide of carbon. It is then thrown on a balanced filter, 
pressed between folds of filter-paper, and then dried and 
weighed. After deducting the filter the residue is the 
amount of pure antbracen. The anthracen thus obtained 
must have. a melting-point not below 200^ C. and not above 
212^ C, taking as the melting-point the mean between the 
beginning of melting and the beginning of congelation. 

3. Cohn^a bisulphide of carbon method. — 10 grms. crude 
anthracen are agitated for two hours in a flask with 30 grms. 
of bisulphide of carbon, thrown on a weighed filter and 
washed with 30 grms. CS2, the last third part of which is 
poured upon the filter three times. The residue is then 
pressed between folds of filter-paper, dried, and weighed. 

According to D^hajnin, 20 grms. of anthracen are heated 
in a flask with 40 c.c. bisulphide of carbon for twenty 
minutes with constant agitation, allowed t-o cool down to 
16° C, filtered on a weighed filter, and washed with so 
much bisulphide of carbon that the filtrate amounts to 100 
c.c. It is then dried and weighed, and the residue taken 
as pure anthracen. The latter methods with petroleum and 
bisulphide of carbon, and with bisulphide of carbon alone, 
have remained longest in use, although it is not possible to 
obtain with them exact results, since chrysen, one of the 
most frequent accompaniments of anthracen, dissolves in 
bisulphide of carbon only with extreme difficulty, and it is 
therefore very possible, after treatment with this solvent, to 
obtain a product which has the right melting-point, but 
which is still not anthracen. 

F. H. Davis has made comparative investigations with 
anthracen according to the alcohol, the bisulphide of carbon 
method, and the process of Luck, to be described below, and 
concludes from his results that the two former methods are 
to be rejected. In. case of crude anthracens, containing from 
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12 to 34 per cent, of the pure article, the results of Lack's 
method and of the snlphide of carbon process agree approxi- 
mately, but in case of richer samples the latter method yields 
invariably exaggerated results. 

The alcohol method has this defect, that the alcohol dis- 
solves a certain quantity of anthracen, whilst it does not 
remove any chrysen which may be present The weight of 
the latter may, indeed, to a certain extent compensate for 
the loss due to the solubility of the anthracen in alcohol, but 
an accurate determination of the proportion of pure anthraQen 
cannot be looked for by this process. 

The bisulphide of carbon method is probably still less 
accurate than the alcohol process, since bisulphide of carbon 
dissolves about 2 per cent, of anthracen, and its evaporation 
inevitably takes place in a varying degree when the opera- 
tion is performed by different chemists. Instances have 
come under the observation of Davis, when two chemists 
examining one and the same sample of anthracen by 
this method obtained results varying to the extent of 
4 to 6 per cent. Discrepancies of 2 to 3 per cent occur 
frequently both with this method and with the alcohol 
process. 

The results which Davis obtained on comparing the 
three methods are as follows: — One and the same crude 
anthracen gave with alcohol of 0-825 spec. grav. (89 per 
cent.) 34*645 per cent, of insoluble matter, with the melting- 
point 1S7'5° C. With bisulphide of carbon the yield was 
23*250 per cent., molting-point 198'2** C. ; and by oxidation 
to anthrachinon 28'358 per cent, of pure anthracen. 

Lucas has also compared the determination of anthracen 
by Luck's process with the bisulphide of carbon analysis, and- 
has tabulated his results. Prom twenty samples of crude 
anthracen procured from eight different English manufac- 
tories he obtained the following figures : — 
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Percentage of Pure Anthracen, 



No. 


Carbon proceaB 


By ooliTenion Into 


Difflerenos 


1 


920 


11-90 


+ 2-70 


2 


1600 


16-40 


+ 0-40 


8 


24-60 


2610 


+ 1-60 


4 


3400 


27-80 


-6-20 


5 


8600 


28-20 


-6-80 


6 


38*00 


29-67 


8*33 


7 


38C0 


33-38 


4-62 


8 


40-60 


38-00 


2-60 


9 


4300 


33-80 


9-20 


10 


49-00 


34-24 


14-76 


11 


67-40 


44-61 


12-89^ 


12 


68-00 


41-60 


16-60 


13 


6900 


44-61 


14-49 


14 


69-60 


39-37 


2013 


16 


6000 


37-66 


22-34 


16 


6000 


42-80 


17-20 


17 


6412 


48-79 


16-23 


18 


6600 


4708 


17-92 


19 


6700 


46-22 


20-78 


20 


7300 


49-22 


23-78 



From these experiments it follows tliat the anthraquinon 
method alone gives correct results, and that the product ob- 
tained with bisulphide of carbon is bjno meanspure anthracen. 

The anthraquinon process has also undergone several 
modifications and improvements before it could be regarded 
as satisfactory. Certain important points required a closer 
investigation before Luck could even make his process 
known. It had to be ascertained whether a given quantity 
of pure anthracen on oxidation with glacial acetic acid and 
chromic acid would yield the amount of anthraquinon which 
theory requires ; whether the latter compound on prolonged 
contact with chromic acid might not pass into a higher 
stage of oxidation ; and lastly, how the bodies which natu- 
rally accompany anthracen, or which are accidentally or 
purposely mixed with it, might behave on oxidation with 
chromic acid. 

The results obtained by Luck were as follows : — 

Ir Pure anthracen yields exactly the theoretical amount 
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of anthraqninon when dissolved in glacial acetic acid and 
treated at a boil with 8 to 4 parts of chromic acid. Instead 
of 100 he obtained 99*4 per cent. 

2. Pure anthraqninon dissolved in acetic acid along 
with 3 to 4 parts of chromic acid was boiled gently for 
two hours, and yielded on dilution with water the original 
quantity of anthraqninon. Taken 0*447 grm., recovered 
0*446 grm. 

3. The compounds accompanying or contaminating an-, 
thracen, on sufficiently prolonged oxidation with chromic 
acid, are all converted into acids or into bodies soluble in 
alkaline liquids, and can thus be separated from anthra-^ 
quinon. This applies equally to phenanthren^ chrysen, Ac, 
and to paraffin and the so-called empyreumatic resins, &c. 
In reliance upon the above observations. Luck gave his pro- 
cess the following form : — 

One grm. of the anthracen in question is dissolved at a 
boiling heat in 45 c.c. glacial acetic acid in a small flask. 
It is filtered, if necessary, at a boil through a small filter, 
and a solution of 10 grms. chromic acid in 5 c.c. water and 
5 c.c. glacial acetic acid is gradually added in small por- 
tions, so that the liquid may not cease to boU gently. This 
is continued until a distinct and permanent greenish yellow 
colour appears, or tUl, after prolonged boiling, a drop of the 
liquid placed upon a clean silver coin produces in a few 
minutes a reddish spot of chromate of silver. The liquid is 
then allowed to cool, gradually diluted with 160 c.c. water, 
filtered after a few hours, and the anthraqninon on the filter 
is washed first with water, then with hot, very dilute potash 
lye, then again with water, and dried at 100** C. After 
weighing, the anthraqtiinon is quickly removed from the 
filter, the latter is weighed again, and its weight is deducted 
from the gross amount of the anthraqninon. To the nett 
weight thus obtained 0*01 grm. is added, because, according 
to Luck's experiments, if 50 c.c. glacial acetic acid and 150 
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c.c. water have been used as above directed, exactly 10 
miUigrms. antbraquinon remain in solution in tbe filtrate. 

Commercial chromic acid frequently contains lead. If 
tbis is tbe case, tbe antbraquinon, after having been washed 
with water and alkali, must be treated with a hot solution 
of acetate of ammonia. Some time after tbis method of 
analysis was published, it was foimd that tbe results obtained 
were incorrect, since a part of the impurities was not per- 
fectly oxidised, and was thus estimated as antbraquinon. 
Luck therefore made known a further method, according to 
which the antbraquinon obtained, after washing with alkali, 
is treated with permanganate of potash in an alkaline solu- 
tion. In the performance of this process the antbraquinon, 
after treatment with alkali, is washed with the washing- 
bottle into a beaker or a small capsule, rendered very feebly 
alkaline, and brought to a boil. A solution of permanganate 
is now added drop by drop until it is no longer reduced, and 
a red colour appears instead of the green. A little oxalic 
acid and sulphuric acid are then added to reduce the excess 
of permanganate, and to dissolve tbe peroxide of manganese 
formed. It is then filtered through the same filter, washed 
with water till the acid reaction has disappeared, then with 
very dilute boiling soda lye, and then again with water. It 
is dried at 100° C, and weighed as above. Luck states also 
that for many samples of anthracen as much as 15 grms. of 
chromic acid are needful. He writes : * In general 10 grms. 
of chromic acid may suffice, but in certain cases 16 may 
be required for perfect oxidation.* This leaving open the 
amount of chromic acid to be used leads often to very un- 
pleasant results. Thus, e.g., a crude anthracen was oxidised 
with 10 grms. of chromic acid, and the result obtained in 
four analyses was each time 26 per cent., whilst the same 
anthracen, on treatment with 15 grms. of chromic acid, gave 
in six analyses 23 per cent, of anthracen, and in both cases 
chromic acid was present in exce&s* It seems that a slight 

D 
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excess of chromic acid has no longer an oxidising action 
npon the anthracen in presence of the acetate of chrome, 
and that a larger excess of chromic acid completes the 
reaction. Luck, and before him Graebe and Liebermann, 
have shown that chromic acid, and indeed oxidising agents 
in general, have no farther action upon anthraquinon. As 
15 grms. of chromic acid sufiBlce in all cases for the oxidation 
of 1 grm. of anthracen, it would be advisable always to use 
the higher namber, and to adopt it as a standard in all con- 
tracts for anthracen. When only 10 grms. of chromic acid 
are employed, it may often happen that after boiling for 
three to four hours an excess of free acid may be present, and 
yet the substance may not be perfectly oxidised. The most 
careful analyst may thus make costiy mistakes, and the door 
is opened wide for * buyers' * and * sellers' * analyses. The 
duration of the oxidation is of no importance ; three to four 
hours are sufficient, and six to eight hours do not modify the 
result. . An objection to Luck's method is the hot filtration 
which has to be performed when necessary. If oi^nic 
bodies are present, insoluble in acetic acid, they are destroyed 
during the oxidation. If inorganic bodies occur, they con- 
sist of non-volatile matter — sand, &c. — and are best deter- 
mined by the incineration of a weighed portion of crude 
anthracen. If it is desired to determine the insoluble con- 
stituents by means of acetic acid, it is every way more accu- 
rate to extract a portion of crude anthracen perfectly with 
acetic acid, than to filter the solution destined for the analysis 
whilst hot, and thus to lose anthracen by the evaporation of 
the acid and by crystallisation in the filter. 

The process of Luck, with the additional precautions as 
above described, is the only method now in use. Still, the 
anthraquinon thus obtained is not quite pure. Anthraquinon 
is well known to have the property of dissolving in sulphuric 
acid, but it is only converted into sulphacids at temperatures 
far above 200° C» With the impurities the case is different* 
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Chrysoquinon becomes at 100® C. an indigo-blue sulphacid, 
whicli turns brown on the addition of water. The same 
change takes place with the other hydrocarbons, or products 
of oxidation. If we take an anthraquinon which has under- 
gone Luck's subsidiary process, and heat it with concentrated 
sulphuric acid to 100*'-110** C, the acid becomes either at once 
brown, or takes a blue, which turns yellow on dilution with 
water. Or, even if the sulphuric acid decanted from the an- 
thraquinon is colourless, a coloured solution is subsequently 
obtained on extracting the anthraquinon with a dilute lye 
of potassa. Since anthraquinon is neither sulphated by 
sulphuric acid at a temperature below 200® C. nor dis- 
solved by dilute alkaline lyes, it follows that the bodies 
removed by sulphuric acid must be impurities which have 
resisted the permanganate. In fact, the results of Luck's 
method, followed up by the use of permanganate and those 
of the sulphuric acid process, vary respectively from 1 to 8 
per cent. 

K we wish to use the latter method, we conduct the 
oxidation exactly as prescribed by Luck, and re-oxidise with 
permanganate (which, however, is not absolutely necessary), 
dry, and dissolve the anthraquinon obtained from 1 grm. 
anthracen in 10 grms. of pure sulphuric acid, free from lead. 
For this purpose the anthraquinon may be conveniently 
placed upon a large flat watch-glass, the sulphuric acid 
added, and the whole heated in the water-bath, or better, to 
112® C. in the air-bath, for ten minutes. 

It is then allowed to cool, when the anthraquinon 
crystallises out, diluted with much water, boiled, let cool, 
and filtered. It is next washed with water till the reaction 
of the washings is perfectly neutral, then with dilute soda 
lye, then again with water, dried and weighed. Of course 
the 0*01 grm. of anthraquinon dissolved in acetic acid must 
here be taken into account. The anthraquinon thus obtained 
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undergoes no loss, whether by oxidation or by repeated 
treatment with sulphuric acid, and displays altogether the 
character of purity. 

According to its degree of purity, anthracen forms larger 
or smaller tabular crystals, belonging to the monoclinar 
system. When perfectly white, they display a beautiful blue 
fluorescence. As long as they are tinged yellow by chrysogen 
even in the slightest degree, this phenomenon does not ap- 
pear. When pure, anthracen is perfectly tasteless and in- 
odorous ; it is sparingly soluble in alcohol and ether, mode- 
rately soluble in boiling benzol, but less so in the cold. It is 
similarly soluble in oil of turpentine, and in other hydrocar- 
bons, in ligroin it is less soluble than in benzol. Anthra- 
cen melts at 213% distils a little above 360% but sublimes 
slowly even at 100** in small leaflets. With picric acid, it 
forms a compound C,4H,^, + 2CgH3(N02)80, obtained by dis- 
solving the hydrocarbon in an alcoholic solution of picric 
acid, saturated at 30°-40°. It forms fine ruby-red crystals, 
which are decomposed by water or alcohol, and more readily 
by alkaline lyes. With a solution of binitroanthraquinon in 
benzol it forms fine violet tables. 

If acted on by chlorine, authracen is first converted 
into anthracendichloride, Ci^Hj^Cla, which crystallises from 
ether in yellowish, fusible, and volatile needles, which on 
treatment with alcoholic potassa become the monochloride. 

The action of bromine produces several products, to be 
described farther on. 

Dry anthracen, treated with nitric acid, or with a mixture 
of sulphuric and nitric acids, yields oxanthracen or anthra- 
quinon, Cj^HgOg. At the same time is always formed binitro- 
anthraquinon (Pritzsche's reagent, or oxybinitrophoten). 

If treated with concentrated sulphuric acid, there is 
formed sulphanthracenic acid, C|4H9(SS03), whose lead 
salt 
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crystallises in yellowish white columns* 

If heated with hydriodic acid in a sealed glass tube to 
150**-160°, anthracen is jfirst converted into anthracendihy* 
dride, Ci^HjqHj, but on more prolonged heating there is 
formed anthracenhexahydride, Ci^HjoHg. 

If a cold saturated solution of anthracen in benzol is ex- 
posed to the rays of the sun, tabular crystals of paraanthracen 
(paraphoten of Tritzsche) are deposited, very sparingly 
soluble in benzol, ether, and alcohol. If melted, which takes 
place not until 244**, it is re-converted into anthracen. It 
is unaffected by ordinary crude nitric acid at the boiling- 
point, likewise by bromine dissolved in disulphide of carbon. 
Paraanthracen, therefore, may be distinguished from anthra^ 
cen by its greater stability, as was observed by JVitzsche. 

HYDRIDES OF ANTHRAOEN. 
1. AlTTHBAOElirDIHYDBIDE, Oi^Hi^Hj. 

Prom anthracen it is easy to prepare a hydrocarbon Ci4Hjj 
which in its behaviour ranks with the aromatic addition- 
products, and which was named by Graebe and Liebermann 
anthracendihydride* It is formed both by the reaction of 
hydriodic acid upon anthracen, and by the reduction of the 
latter by sodium-amalgam, in an alcoholic solution. The 
latter procedure is preferable. No hydrogen is added to 
anthracen dissolved in alcohol, on treatment with zinc-powder 
and potassa lye, or tin and hydrochloric acid. 

Prepa/ration hy means of Sodirnnnimalgam. 

Anthracen dissolved in alcohol is treated with sodium- 
amalgam tUl a portion taken out shows the correct melting- 
point, 106° C, or no longer produces a red colour when 
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heated with, picric acid and benzol. With large quantities, 
it is unnecessary to add as much alcohol as would be required 
for the solution of the anthracen. It dissolves gradually as 
it is converted into the dihydride, which is much more 
soluble in alcohol. Anthracen is heated with about 10 parts 
of alcohol at 95 per cent, in a jBLask with an ascending con- 
denser, and pieces of sodium-amalgam are gradually added. 
It is proper to neutralise the liquid from time to time by the 
addition of an acid, as the reduction proceeds very slowly in 
strongly alkaline solutions. 

For the complete reduction of the anthracen, heat must 
be applied for twelve to twenty-four hours, according to the 
quantity. The bulk of the dihydride is deposited in crystals 
as the alcoholic liquid cools ; that which remains in solution 
is obtained by distilling off the alcohol, and washing with 
water. The product thus prepared has its melting-point at 
106% and farther purification by crystallisation from alcohol 
is rarely requisite. 

Preparation hy means of Hydriodic Acid. 

Anthracen is heated for ten to twelve hours to 160*^-170** 
in a sealed tube with ^ part by weight of amorphous phos- 
phorus, and about 5 parts of hydriodic acid boiling at 127°. 
Almost the whole of the phosphorus disappears, and the 
anthracen is converted into a hydrocarbon, which solidifies 
on cooling. On opening the tube, some phosphuretted 
hydrogen escapes, which is generated only in small quantity 
if the heat is not stronger than is here directed. The hydro- 
carbon produced is freed from hydriodic acid by washing in 
water, then dissolved in alcohol, and freed from excess of 
phosphorus by filtration. It is easily obtained pure by re- 
crystallisation from alcohol, or by distillation. 
:: Anthracendihydride crystallises from alcohol in colour- 
■ less tables, which often resemble naphthalin. The crystals 
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are small monoclioar tables, in^ith the base cs=OP, bordered 
by the prism 2?=oo P, and a posterior hemidome a5= —Poo , 
which gives the direction of cleavage. 

On heating, anthracendihydride melts at 106^, and begins 
about the same temperature to sublime in colourless shining 
needles. At 305^ it distils without decomposition. It has 
a peculiar odour, which is rendered more intense by heat. 
It is insoluble in water, but dissolves freely in alcohol, ether, 
and benzol. It is easily volatilised along with the vapour of 
water, and even with that of alcohol. The solid hydrocarbon is 
not fluorescent, but its solutions display a blue fluorescence. 
If heated with picric acid in alcohol, there is no red coloura- 
tion, and no compound corresponding to that of anthracen 
with picric acid has hitherto been obtained. 

The properties of anthracen and of its dihydride differ 
respectively chiefly as regards fusibility, boiling-point, and 
solubility. 

As already stated, the dihydride is capable of being dis* 
tilled without decomposi ^ion ; but if passed through a tube 
at a low red heat, it is completely resolved into anthracen 
and hydrogen. Anthracendihydride is also split up at dull 
redness, exactly like naphthalindijiydride, according to 
Berthelot's statements : 

If anthracendihydride is heated to 100** with concen- 
trated sulphuric acid, it is dissolved with the escape of sul- 
phurous acid in abundance. After applying heat for a short 
time, a hydrocarbon is deposited on the addition of water, 
and after re^jrystallisation from alcohol, it agrees perfectly in 
its melting-point and its other properties with anthracen. 
Besides anthracen, the sulphacids of the latter body are 
formed as secondary products. 
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Sulphuric acid acts, therefore, upon anthracendihydiide 
as an oxidising agent, and reconverts it into anthracen : 

C,,Hi, + SH^O, = Ci,H,o + 2HaO + SO,. 

If to a molecule of anthracendihydride, dissolved in di- 
sulphide of carbon, a molecule of bromine is added by drops, 
hydrobromic acid escapes in abundance, and there remains, 
after evaporation of the disulphide of carbon, a crystalline 
mass, which is resolved by alcohol into a substance readily 
soluble in this liquid, and one almost insoluble. The former 
is undecomposed anthracendihydride, melting at 106** ; the 
latter is bibromanthracen, which melts between 219** and 
220°. Anthracen is not obtained from this reaction. The 
action of 2 mol. bromine upon 1 mol. of anthracendihy- 
dride is similar, but the yield of bibromanthracen is greater. 
It is formed most abundantly by the reaction of 3 mol. 
bromine and 1 mol. anthracendihydride. The bibrom- 
anthracen thus obtained agrees in every respect with that 
obtained directly from anthracen, as described below. 

The formation of bibromanthracen will be readily under- 
stood from the above experiments, which show that the 
action of bromine upon anthracen is most complete when 
3 mol. of the former act upon 1 mol. of anthracendihydride. 

Two atoms of hydrogen are carried away by two atoms of 
bromine, whilst simultaneously bromine replaces two more 
atoms of hydrogen, 

Cj^HioHj + 6Br = Ci^HgBrj + 4BrH. 

Anthracendihydride is readily oxidised by chromate of 
potassa and sulphuric acid, and converted into the charac- 
teristic oxidation product of anthracen, — ^anthraquinon. 
This agrees in every respect with that to be described below, 
sublimes in the same yellow needles, and melts at 276^ If 
anthracendihydride is heated with dilute nitric acid, anthra- 
quinon is obtained along with nitrated products, amongst 
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which binitroanthraqoinon may be recognised by fhe cha- 
racteristic compound which it forms with anthracen. 

For the oxidation of anthracendihydride we require four 
atoms of oxygen, which are furnished by the oxidising agent, 
chromic or nitric acid. 

CuH„+40=C,,Hg(0^'' + 2H,0. 

An atom of oxygen effects the removal of the two added 
atoms of hydrogen, and the three others complete the con- 
version into anthraquinon, by substituting the group (0,)'' 
for two atoms of hydrogen. 

Anthracendihydride in an alcoholic solution cannot be 
farther reduced by sodium-amalgam. Even if the action is 
prolonged for days, there are formed only traces of a com- 
pound richer in hydrogen, whilst the melting-point sinks for 
some degrees. Hydriodic acid (melting-point 127'') has no 
farther reducing action upon anthracendihydride at 160**, 
but at 200-220% converts it into anthracenhexahydride. 

An alcoholic solution of iodine at the boiling-point has no 
effect. 

If we survey the behaviour of the hydrocarbon just de- 
scribed, C,4Hi2, its complete agreement with the behaviour 
of the so-called addition-products of the aromatic series 
cannot be ignored. In all the reactions of anthracendihy- 
dride there appears the characteristic phenomenon, that com- 
pounds are always formed belonging to the anthracen type, 
poorer in hydrogen; this agrees with the observations on 
hydrophthallic acid, hydromellitic and quinic acids, from 
which there have been hitherto obtained merely substitution- 
products of benzol, but no substances belonging to a type 
rich in hydrogen. Grpebe and Liebermann, therefore, selec- 
ted for the first reduction-product of anthracen the name 
anthracendihydride, which agrees with the name benzol- 
hexachloride, CgH^Cl^. The formation of anthracendihy- 
dride must, therefore, be regarded as a transformation of the 
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double combinatioii of the carbon atoms of anthracen into a 
single one, and saturation of the bonds tkns set free, by two 
atoms of hydrogen. By the reformation of anthracen and its 
derivatiyes from the dihydride, occasioned by the action of 
various reagents, the more intimate combination of the two 
atoms of carbon by every two unities of affinity is repro- 
duced. 

For deciding on the chemical character of anthracen- 
dihydride, it is interesting to compare it with stilben, which 
contains the same number of atoms of hydrogen and carbon. 
According to the researches of Limpricht and Schwanert, 
stilben has the rational formula : 

CgHg — CH = CH — CgHg, 

and behaves in many respects like ethylen. It combines directly 
with two atoms of bromine, and forms bromide of stilben, cor- 
responding to bromide of ethylen, whilst hydrogen is with- 
drawn from anthracendihydride by bromine. On oxidation, 

stilben yields oil of bitter-almonds * * \h ^^^ benzoic 
acid * *^n its molecule being split up. Anthracendihy- 



dride, on the other hand, is converted into anthraquinon. 

Anth/racenhexahydride, Ci4HjoHg. — ^Anthracenhexahydride 
is the second reduction-product obtained by the action of 
hydriodic acid upon anthracen. A tetrahydride does not 
appear to exist. The substance formerly described by 
Graebe and Liebermann as a tetrahydride, the analysis of 
which agreed very well with the formula C^JS-^^, proved on 
closer examination to be a mixture. It is extremely trouble- 
some to obtain the hexahydrlde in quantity, as the sealed 
tubes often explode from the liberation of phosphuretted 
hydrogen. 

The best material for its preparation is anthracendihy- 
dride. This is heated for ten or twelve hours in sealed tubes 
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to 200"" to 220% along with j^ to ^ part of amorphous phos- 
phorus, and about 5 parts of hjdriodic acid (boiling-point 
127"*). The tubes must be opened with caution, as much 
phosphuretted hydrogen is always generated. The hydro- 
carbon obtained is washed with water to remove the hydri- 
odic acid, dissolved in alcohol, and separated by filtration 
from the residual phosphorus. The mass obtained on eva- 
poration of the alcohol, is pressed between bibulous paper in 
order to separate the anthracenhexahydride from small 
quantities of an accompanying liquid body. It is then sub- 
mitted to distillation, and the portion boiling at 290° is col- 
lected separately. Thus is obtained a hydrocarbon, melting 
at 63% whose analysis leads to the formula C|4Hjs. 

In its physical properties anthracenhexahydride agrees 
very closely with the dihydride. It crystallises from solvents 
in leaflets, and is readily soluble in alcohol, ether, and benzol. 

K conducted through an ignited tube, it is resolved into 
anthracen and free hydrogen. It resists the action of nitric 
acid much better than the dihydride. 

Anthracenhexahydride is formed from anthracen, by the 
conversion of the double combination of three couples of 
carbon atoms into a single one, thus enabling six atoms of 
hydrogen to be taken up. 

Bromine derivatives of anthracen. — Anderson was the first 
chemist who studied the action of bromine upon anthracen, 
and described two compounds, to which he assigned the 
formulfiB, Ci4HjoBrg, and Ci4HgBr4. The former, which he 
obtained by the action of an excess of bromine upon an- 
thracen, he considers as an addition-product, six atoms of 
bromine to one molecule of anthracen. Prom this he pre- 
pared the second compound by the action of an alcoholic 
solution of potassa, and regarded it as bibromanthracen- 
dibromide. Berthelot, who observed subsequently that 
hydrobromic acid is formed when bromine reacts upon an- 
thracen, suggested that both these bromine compounds 
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probably contained two atoms hydrogen less than Anderson 
had assumed in his formnlse. The behavionr of the former 
bromine-compound with alcoholic potassa is in favour of 
this view. An addition-product with six atoms of bromine 
must, like benzolhezachloride, become a tri-substitution- 
product, whilst a compound is formed containing four atoms 
of bromine. Graebe and Liebermann have, therefore, re- 
examined the bodies described by Anderson, and have ascer- 
tained experimentally, that Anderson's formuke contain two 
atoms hydrogen too much. Besides these compounds, the 
above-mentioned chemists have obtained a bibromanthracen 
and a tribromanthracen. A monobromanthracen has not 
yet been produced. From anthracen dissolved in disulphide 
of carbon, there is formed by the reaction of one molecule on 
exactly two atoms of bromine, bibromanthracen, a corre- 
sponding quantity of anthracen remaining unchanged. By 
lixiviation with alcohol, the anthracen is removed from the 
sparingly soluble bromine compound, and may by re-crystal- 
lisation be isolated, perfectly free from bromine. 

Bibromanthraceny C^JS-^Bt^* 

As already mentioned, bibromanthracen is formed by the 
action of bromine upon anthracen, dissolved in disulphide of 
carbon. It is the only substitution- product formed under 
these circumstances. Even if more than four atoms of 
bromine are applied to 1 mol. of anthracen, there is no for- 
mation of a compound richer in bromine. For the prepara- 
tion of bibromanthracen, it is sufficient to diffuse the an- 
thracen in disulphide of carbon, and to add by degrees the 
calculated amount of bromine. The disulphide of carbon 
becomes hot, and the bibromanthracen dissolves as it is 
formed. On cooling it is deposited in fine yellow needles, 
often above 1 centm. in length, which are purified by recrys- 
tallisation from disulphide of carbon, or the homologues of 
benzoL The portion of bibromanthracen which remains 
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in solation is obtained by evaporating the disolpbide of 
carbon. 

It is very sparingly soluble in alcohol and ether ; benzol 
dissolves it slightly when cold, bnt more plentifully if heated. 
It melts at 221° C, and sublimes undecomposed in long 
yellow needles. 

Neither alcoholic nor aqueous potassa acts at the boiling- 
point upon bibromanthracen, but the former decomposes it 
at 160-170** in a sealed tube. Bromide of potassium is sepa- 
rated, and in the tube is found, partly in solution and partly 
undissolved, a hydrocarbon which is found lo be anthracen. 
In addition to anthracen, Graebe and Liebermann have recog- 
nised aldehyd and acetic acid, so that the reaction may 
possibly be expressed by the following equation : 

Ci^HgBrj, + 2KH0 + CaHgO= Ci^Hio + 2 Br K + CaH^Oj, + Bfi. 

4. 

Chydenius observed an analogous reaction ; on causing al- 
coholic potassa to act upon the bromide of cetylen, CigHjoBrj, 
he obtained ceten, CigHjj. In both cases the alcohol fur- 
nishes the atoms of hydrogen, and is oxidised to acetic acid 
by the bromine set at liberty. 

Anthracen is also obtained from bibromanthracen by 
heating it in a combustion tube with quick-lime, or soda- 
lime, the yield being considerable. Bibromanthracen is con- 
verted into anthraquinon by oxidising agents, whether by 
heating with concentrated nitric acid or by adding chromic 
acid to a solution of bibromanthracen in glacial acetic acid. 
Heat is applied in either case as long as bromine is evolved, 
the mixture is diluted with water, the deposited mass is 
washed with water, dried and sublimed, when anthraquinon 
is obtained in its characteristic needles. The following 
equation represents this reaction, the oxygen being obtained 
from nitric or from chromic acid. 

C,,H3Br, + 0^= Cj.H^Oa + Br^. 
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No compound richer in bromine is formed bj the action 
of bromine upon bibromanthracen, dissolved in disnlphide of 
carbon. But in the dry state it readily takes up bromine at 
common temperatures, and is converted into bibromanthra- 
centetrabromide. 

Chlorine has no action under similar circumstances. 

Bibromanthra^centetrahromidey G^JS.^'Br^'Br^. 

This compound was first obtained by Anderson, who 
described it as hexabromanthracen. That the formula 
Cj^HjoBrg, given by this chemist, contains two atoms of 
hydrogen too much, follows from its direct formation from 
bibromanthracen. According to the method given by An- 
derson (the action of bromine at ordinary temperatures, and 
in the state of vapour upon thin layers of anthracen), the 
preparation succeeds badly, and the yield is small ; brown, 
smeary masses being produced. The reaction succeeds best 
when the anthracen is in a very fine state of division. Each 
time hydrobromic acid is evolved in great quantity, which 
led Berthelot to the view that the bromine was not merely 
added to the anthracen, but acted also in the way of substi- 
tution. The quantity of the bromine used in successful 
operations points in the same direction. Not six, but 
eight atoms are required, until the fumes of bromine no 
longer disappear, which indicates the completion of the 
reaction. The action of bromine upon dry anthracen is 
represented, therefore, by the equation : 

Ci^Hio + 8Br = Ci^HgBr^Br^ + 2BrH. 

Bibromanthracentetrabromide may be prepared with 
greater certainty and convenience from bibromanthracen. 

It is spread upon a plate of glass and placed under a 
glass bell along with the requisite quantity of bromine (4 
atoms to 1 mol. of bibromanthracen), contained in a capsule. 
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The bromine is rapidly absorbed, and according to the 
quantity employed disappears in a few hours, or in the 
course of a day, without the evolution of hydrobromic acid. 
The original yellow compound, when bromine is no longer 
present, is almost colourless, and is only contaminated with 
yery small quantities of foreign substances. These are 
removed by washing with cold ether, and on recrystallisation 
from benzol the bibromanthracentetrabromide is obtained in 
full purity. 

It crystallises in hard, thick, colourless tables ; it is in- 
soluble in water ; dissolves sparingly in ether, alcohol, and 
cold benzol, but more plentifully in the latter when boiling. 
It melts and is decomposed between 1 70** and ISO"*. Vapours 
of bromine and hydrobromic acid escape, and the residual 
mass consists of pure tribromanthracen, which is formed 
according to the following equation : 

Ci^HgErgizCi^HyBra + BrH + Br^. 

On treatment with alcoholic potassa, 2 mol. of hydro- 
bromic acid are removed and there remains Anderson's tetra- 
bromanthracen : 

CuHgBrg + 2KH0= Ci^HeBr, + 2KBr + 2H,0. 

Trihroinanth/rcLceny C^^'BLfBr^^ 

This compoxmd is formed by heating the foregoing to 
200% until vapours of bromine and hydrobromic acid no 
longer escape. The product is purified by recrystallisation 
from benzol. 

It crystallises, like bibromanthracen, in yellow needles,, 
dissolves sparingly in alcohol, but readily in benzol, by 
which it is distinguished from bi- and tetrabromanthracen. 
It melts at 160** and sublimes in needles. In tribrom- 
anthracen, as in bibromanthracen, two atoms of bromine 
may be replaced by two atoms of oxygen, by means of oxi- 
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dising agents. On heating with strong nitric acid (1*4 sp. 
gr.), or better, with glacial acetic acid and chromic acid, we 
obtain bromanthraqninon, as described below : 

C,4H7Br3 + 03=Ci^I[^BrO,+2 Br. 

In the same circumstances under which bibromanthracen 
is converted into bibromanthracentetrabromide, tribrom- 
anthracen takes up four atoms of bromine, but the resulting 
compound has not been closely examined. 

Tetrahromanthraeen, Cj4HgBr4. 

For the preparation of this compound bibromanthracen- 
bromide is covered with alcohol, heated in the water-bath, 
and a concentrated aqueous solution of i to J part of hydrate 
of potassa is added. The colourless mass is immediately 
converted into yellow tetrabromanthracen, with a great in- 
crease of volume. In its properties it agrees with Ander- 
son's tetrabromanthracen, except that he states its melting- 
point as 238% whilst Graebe and Liebermann make it 254°. 
It is very sparingly soluble in water and ether. Benzol dis- 
solves it more plentifully, but is not a good solvent. The 
hydrocarbons with high boiling-points, such as xylol and 
also disulphide of carbon, are the best solvents for its 
recrystallisation. 

As in bi- and tribromanthracen, two atoms of bromine in 
this compound are readily replaced by oxygen. Tetrabrom- 
anthracen, dissolved in glacial acetic acid and heated with 
chromic acid, yields bibromanthraquinon. Nitric acid of 
diflterent degrees of concentration ads in the same manner. 
The oxidation succeeds very well with nitric acid of sp. gi. 
1*4 and chromate of potassa. The following equation repre- 
sents the action of oxidising agents upon tetrabrom- 
anthracen : 

Ci.HeBr, + 0, = C^.H^Br^CO,)'' + Br,. 
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Bichloranthracen^ Ci4HgCl2. 

This compound is formed botli on the action of chlorine 
upon anthracen at 100°, and on the prolonged exposure of 
anthracen to an atmosphere of chlorine at ordinary tempera- 
tures. Laurent prepared in the latter manner his bichlor- 
anthracen, which is identical with that of Graebe and 
Liebermann. Laurent's analysis of bichloranthraceii agrees 
very well with the formula C14H8CI2, if his results are recal- 
culated in accordance with the correct atomic weight of 
carbon. 

It crystallises in long shining needles which melt at 
209° ; it is readily soluble in benzol, sparingly in alcohol, 
and slightly in ether. The solutions, especially the alcoholic, 
possess a splendid blue fluorescence. It sublimes in small 
yellow needles. Bichloranthracen is not attacked by alcoholic 
potassa at the boiling-point, whereby it is distinguished 
from anthracenbichloride, a compound obtained by Anderson 
by the brief action of a very slow current of chlorine, and 
which is converted by potassa into monochloranthracen, 

^14^9^/1. 

Oxidising agents convert bichloranthracen, like the corre- 
sponding bromine compound, into anthraquinon. It combines 
with picric acid, forming a red crystalline compound, whose 
composition may be represented by the formula — 

C,,H«C1AH3(N0,)30. 

Trichloranthraceny Cj4H^Cl3. 

This compound is obtained by the action of phosphoric 
pentachloride upon anthraquinon. This reaction completely 
agrees with those observed in trichlorquinon and bichlor- 
naphthaquinon, and is a further proof that bioxyanthracen 
really belongs to the quinones. The formation of trichlor- 
anthracen corresponds to both the following equations, since 
the two atoms of oxygen are exchanged for atoms of chlorine, 
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and the chlorine set at liberty acts farther in the way of 
substitution— 

Cu'SBiO,) + 2 PCl5=C„H8Cla + Cl, + 2POCl3. 
Ci.HgCla + 2 01 = CuH^Cls + cm. 

This reaction, however, is not so well defined as in the 
quinones of benzol and naphthalin, since a part of the phos- 
phoric chloride gives off chlorine, which acts substitutionally, 
whence more highly chlorinised products accompany the 
trichloranthraceii. 

In the preparation of this compound the following 
procedure may be adopted. Anthraquinon is heated for 
several hours to 190*'-200° in a sealed tube along with two 
molecules of phosphoric pentachloride, with an addition of 
phosphoroxychloride. On opening the tube a strong pressure 
is observed, and hydrochloric acid escapes in abundance. 
The contents of the tube are treated with water, and the 
portion insoluble in water is recrystallised from alcohol. 
Trichloranthracen is thus obtained in yellow needles, which 
may be sublimed without decomposition, and are not affected 
either by alcoholic or aqueous potassa. They dissolve with 
difficulty in alcohol and ether, but readily in benzol. 

Tetrachloranthracm, Oj4HgOl4. 

If a stream of chlorine is passed over anthracen at 
^ 170**-180° there is a copious escape of hydrochloric acid, and 
the mass melts. The product obtained, which congeals on 
cooling and is probably bibromanthracen chloride (?), is not 
easily purified. Graebe and Liebermann therefore treated it 
at once with alcoholic potassa, and recrystallised it from 
benzol. The analysis leads to the formula 0,4H80l4. 

From benzol tetrachloranthracen crystallises in gold- 
yellow needles arranged in stellar groups; it is slightly 
soluble in alcohol, somewhat more freely in benzol when hot, 
but scarcely when cold. Its melting-point is about 220° 0. 

Nitric acid converts tetrachloranthracen into bichlor- 
anthraquinon. 
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Dimlphodichloranth/raceme acidy C^^'EijGl^ 2S03. 
Monosulphodichlorcmthracmic acid, Ci4HgCl2S03. 

Dichlorantliracen dissolves gradually in fuming sulphuric 
acid, and the green solution thus formed becomes yellow on 
dilution with water. The product thus obtained contains 
disulphodichloranthracenic acid, and probably also mono- 
sulphodichloranthracenic acid, but Perkin's proof of the 
presence of the latter is not quite complete. 

Disulphodichloranthracenic acid has a yellow or orange 
colour, and dissolves readily in water ; the dilute solution is 
highly fluorescent. The acid is bibasic, forming salts of the 
formula Ci^HgMjClj 2SO3 > several of which are sparingly 
soluble in water and of a yellow or orange colour, 

Dibromanthracen dissolves likevdse in fuming sulphuric 
acid with a green colour, and yields compounds analogous 
in behaviour and constitution to those formed by dichlor- 
antliracen under similar circumstances. 

If the chloro- or bromosulpho-acids are exposed to 
oxidising agents, they exchange chlorine or bromine for 
oxygen, and are converted into anthraquinodisulphuric acid : 

c^.-Rfii^ 2SO3+ 02=c,4H802 2SO3 + ca,. 

The termination of the reaction is easily recognised by 
the disappearing of the fluorescence. 

If dichlor- or dibromanthracen is treated with concen- 
trated or fuming sulphuric acid, and if the temperature is 
gradually raised, the sulpho-acids are formed at first and 
pass afterwards into anthraquinodisulphuric acid, the process 
being represented by the following equations : 

C,,H3Cl2 + 2H,SO,=CuH3a2 2SO3 + 2H2O, 
Ci^HgCla 2S03 + HaS04=Ci,H30a 2SO3 + 2HCI+SO,, 

or in cases of dibromanthracen — 

Ci4H3Brj + 2H2SO=C,4HgBr3 2SO3 + 2H2O, 

Ci,H,Br2 2SO3 + 2H2SO4 = CuH30a2 SO3 + Br^ + 280^ + 2H,0. 

B 2 
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Anthracencarlonic acidj Ci^HgCOgH. 

Whilst neither Berthelot nor any other chemist has suc- 
ceeded in repeating Harnitzky's synthesis of benzylchloride 
from benzol and chlorocarbonic acid, and whilst naphthalin 
shows itself equally indifferent towards this compound, Graebe 
and Liebermann succeeded in preparing anthracencarbonic 
acid from anthracen with the aid of this body. 

On heating anthracen with chlorocarbonic oxide to 100** 
in sealed tubes, both bodies remain unaffected. But when 
the temperature rises to about 180° the contents of the tube 
take a diflterent appearance, and abundance of hydrochloric 
acid is evolved on opening the tube. It is therefore most 
convenient to heat the tubes for ten or twelve hours to 
180**-200° C. To raise the temperature higher is not to be 
recommended, since the yield is then smaller and more bye- 
products appear. Whether, according to Berthelot's state- 
ment, the formation of the acid chloride ceases at 230° is not 
yet decided. 

After the action of the chlorocarbonic oxide upon an- 
thracen is at an end, the tubes are placed in a freezing 
mixture and then opened, whereon streams of carbonic acid 
escape, whilst the imconsumed chlorocarbonic oxide is left 
behind. To recover the latter the tube is connected with a 
glass U-tube, which is plunged. into a freezing mixture ; the 
other tube is placed in warm water, so that the chloro- 
carbonic oxide distils over and is recondensed in the cold 
U-tube. Tlie contents of the tube, consisting of yellow 
crystals and a brown resinous mass, are digested with soda- 
lye, which leaves the brown substances undissolved, whilst 
yellow flocks are deposited on adding an acid to the filtrate. 
By recrystaUisation from boiling water, which is only prac- 
ticable on a small scale on account of the slight solubility^ 
or better from alcohol, anthracencarbonic acid is obtained in 
fine needles. 
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Anthracencarbonic acid forms yellowish acicular crystals. 
Graebe and Liebermann believe, however, that the yellow 
colour is merely due to an impurity which adheres very 
tenaciously to the acid. It dissolves very readily in ether, 
alcohol, and glacial acetic acid, very sparingly in water, but 
more plentifiilly in hot than in cold. It melts at 206^, but 
is slowly decomposed into anthracen and carbonic acid. 
Whilst determining the melting-point we observe a continual 
rise of gas bubbles out of the floating mass. This decom- 
position begins at lower temperatures ; leaflets of anthracen 
begin to appear at 150® if the compound is heated in a test- 
tube in the oil-bath. 

Anthracencarbonic acid is also decomposed if heated with 
soda lime. If the experiment is conducted in a combustion 
tube, leaflets are deposited in the cold anterior portion, which 
melt at 213® C. and give the characteristic reaction with 
picric acid. 

Its behaviour with oxidising agents is very peculiar. If 
it is dissolved in glacial acetic acid, mixed with chromic 
acid, and heated, carbonic acid escapes, and on cooling long 
yellow needles of anthraquinon are deposited. Dilute nitric 
acid with the aid of heat likewise converts anthracencarbonic 
acid into anthraquinon, which, however, is contaminated 
with nitro compounds. 

The oxidation is represented by the equation — 

Ci.HgCOaH + 30=Ci,H,02 + 00^ + H^O. 

In contact with bases and carbonates, anthracencarbonic 
acid behaves like a powerful organic acid, and forms the 
corresponding salts. 

The silver salt, G^^VfiO^ALg, is obtained by heating an 
alcoholic solution of the acid with recently precipitated 
carbonate of silver, driving oflF the alcohol and dissolving in 
water. On concentration the salt, which is easily soluble in 
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water, is deposited as a yellowish crystalline powder. Under 
the microscope it exhibits a columnar structure. . 

The barium salt, (Ci4H9C02)2Ba, is prepared from car- 
bonate of baryta and the free acid. It is readily soluble in 
water, but scarcely more so at the boiling-point than at 
common temperatures. On evaporating the solution, yellow- 
ish indistinctly developed crystals are deposited, which do 
not lose weight if heated to 170°-180° C. 

C. Liebermann and G. von Eath have discovered an 
isomer of anthracencarbonic acid, by treating anthracen- 
monosulphuric acid with dehydrated prussiate of potash and 
subsequently with alcoholic potassa. The acid thus obtained 
has a great resemblance to the one above described, but still 
differs from it essentially in many points. It is prepared by 
digesting anthracen at the lowest possible temperature — in 
order to obtain the largest amount of sulphacid — with sul- 
phuric acid; the compound acids obtained are converted 
into potassic salts, and without any further separation are 
mixed with an equal weight of perfectly dehydrated yellow 
prussiate, and distilled in small portions in small glass 
retorts, which must be almost entirely filled with the mix- 
ture. This process gives the best, though still very trifling, 
yield of an orange distillate, which solidifies on cooling, and 
which still contains anthracen along with the nitril. As the 
two compounds are not easily separated, the mass is boiled 
at once for several days with alcoholic potassa till the 
development of ammonia ceases. The liquid, freed from 
alcohol and filtered on the addition of hydrochloric acid, 
deposits an acid in yellow flakes. The yield is at most 5 per 
cent, of the anthracen employed, evidently because a part of 
the material is decomposed at the temperature of the treat- 
ment with prussiate of potash. 

For complete purification, the compound is converted into 
a readily soluble barytic salt by digestion with carbonate of 
barjta ; a small quantity of a sparingly-soluble barytic salt. 
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perhaps belonging to the dicarbonic acid, remains behind. 
The re-precipitated acid is again treated in the same manner, 
and then crystallised from alcohol. 

Anthracencarbonic acid is insoluble in water, sparingly 
soluble in benzol, more readily in alcohol, ether, and glacial 
acetic acid. From alcoholic solutions, saturated when hot, 
it is deposited on cooling in fine yellow needles ; if the con- 
centration is more rapid, it appears almost amorphous. The 
acid decomposes carbonates, and forms chiefly soluble salts. 
The barium and calcium salts dry up to amorphous, pale 
yellow masses, which become anhydrous at 130® C, and have 
then the composition (Ci4H9C02)jBa, and (Ci4H9C02)2C!a. 
The sparingly-soluble lead salt is thrown down in flakes on 
mixing the solution of the ammonia-salt with a solution of 
acetate of lead. The barium-salt is not decomposed by car- 
bonic acid, but the ammonium-salt loses its base on evapora- 
tion. The solutions of the acid and its salts fluoresce from 
greenish to blue, according to their degree of purity. The 
acid is always precipitated of a yellow colour, even from solu- 
tions free from the slightest yellow tint. 

If anthracencarbonic acid is heated with soda-lime, or 
if its lime or baryta-salt is heated alone, anthracen is 
obtained. 

So far this acid and its salts possess an external resem- 
blance to the anthracencarbonic acid described by Graebe 
and Liebermann, and obtained by another process. A slight 
distinction appears on crystallising the acid from alcohol, 
since the earlier-described acid, on the evaporation of the 
solvent, is deposited in long needles. 

Considering our slight acquaintance with the monosub- 
stitution-products of anthracen, it seems important to decide 
whether the two anthracarbonic acids are identical or iso- 
meric, since in the latter case we may infer the possibility of 
isomeric monosubstitution-products in general. 

The constitution of anthracen at present assumed — 
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would admit of three series of isomeric monosubstitution 
products (in a, 6, and c). The experiments of Liebermann 
and Y. Eath' have proved the isomerism of this acid with that 
of Graebe and Liebermann. 

The essential distinctions are as follows : 

The acid of Graebe and Liebermann melts at 206** C, but 
passes partially even at 150** C into anthracen, with evolu- 
tion of carbonic acid. The new acid does not sofben until 
220**«230** C, and melts irregularly at 260** ; but even if the 
temperature is maintained for some time at 280** C, there is no 
etrong evolution of gas perceptible. At higher temperatures 
the acid sublimes, entirely without decomposition, in beauti- 
ful orange-yellow needles, which exhibit the same peculiarity 
in melting, dissolve in dilute ammonia, from which they are 
re-precipitated by acids. 

If oxidised with chromic and glacial acetic acids, the 
acid of Graebe and Liebermann yields anthraquinon; but the 
new acid produces mere traces of this substance, and forms 
principally anthraquinoncarbonic acid. An excess of oxi- 
dising agents, however, strongly attacks the anthraquino- 
carbonic acid, and reduces the yield. The oxidation of 
anthracencarbonic acid takes place according to the equa- 
tion — 

CuH^CO^H + 03= Cj^H^OaCOaH + H^O. 

The above properties of the two isomeric anthracencar- 
bonic acids are most readily explained, if we assume that the 



Digitized by 



Google 



METHYLAKTHRACEN. 57 

apid formed by means of chlorocarbonic oxide has its car- 
boxy 1 group at a, whilst that obtained from anthracensnlphuric 
acid has the same group at h or c. If an acid of the former 
constitution is oxidised, carbonic acid must be evolved, because 
the oxygen of the quinon passes to the caxbon atoms a : in the 
latter the oxidation of the carbon atoms at a can be com- 
pleted without displacing the groups at b or c. 

Methylcmth/raeen, CijHij. 

This compound was obtained by Weiler and Fischer 
on passing dimethylphenylmethan or dimethylphenylethan 
through ignited tubes filled with fragments of pumice- 
stone. The reaction takes place according to the following 
equation — 

In order to maintain and purify the methylanthracen, the 
coloured and adhesive matter found in the receiver is first 
washed with a little ether and alcohol, in order to purify it 
from any undecomposed residue of ditolylmethan, and then 
either recrystaUised from glacial acetic acid and alcohol, 
or by preference converted into finely crystalline picric acid 
compound, which in turn is decomposed with ammonia. 

Its melting-point varies from 198°-201° C, according to 
the method of purification employed. 

Methylanthracen is insoluble in water, sparingly soluble 
in ether, alcohol, glacial acetic acid, and is deposited from 
solutions saturated at high temperatures in beautiful white 
shining scales, tinted with a slight yellowish shade. It dis- 
solves readily in bisulphide of carbon, chloroform, and benzol, 
but very sparingly in methylic alcohol, aceton, and petroleum. 
It is precipitated jfrom its solutions on the addition of water 
in white flocks, which, when dry, become gradually yellow 
on prolonged exposure to the air. Concentrated or faming 
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nitric acid dissolves methylanthracen slowly in the cold, but 
more rapidly at a moderate heat. The action of concentrated 
or fuming sulphuric acid is similar. 

Bromine, dissolved in disulphide of carbon, has a very 
violent action upon this hydrocarbon, dissolved in the same 
medium ; torrents of hydrobromic acid escape, whilst finely 
crystalline yellow bromine compounds are formed. 

With picric acid it yields a compound crystallising in fine, 
long, dark red needles, which very closely resemble anthracen- 
picric acid, and are decomposed by water or alcohol, but more 
readily by aqueous alkalis and ammonia. 

Methylanthracen sublimes in large beautiful scales, which, 
when perfectly white, display a fine blue fluorescence. 

If methylanthracen is oxidised with glacial acetic acid 
and chromic acid, we obtain not methylanthraquinon, but 
anthraquinon-carbonic acid, melting at 283°, which yields 
anthra-quinon on heating with soda-lime. If methyl-an- 
thracen is dissolved in excess of alcohol, and if ordinary 
concentrated nitric acid is afterwards added, a brisk reaction 
is set up, owing to the oxidation of the alcohol. The alcohol 
is allowed to evaporate spontaneously down to about one- 
third, and a little water is then added. On cooling, a yellow 
crystalline matter is deposited, which is weU washed with 
water. The filtered solution is mixed with water, in order to 
obtain the residue of the dissolved body. This substance is 
methylanthraquinon, and is best purified by sublimation, 
when it takes the form of thin ramified needles or leaflets. 

Dilrornmethylanthracen, G^^^^qBt^. 

If methylanthracen in disulphide of carbon is treated with 
two molecules of bromine, there escape torrents of hydro- 
bromic acid; and we obftain,iThen the reaction is completed, 
and the dienlphide of carbon is expelled, a bromine compound, 
^hich crystallises from chloroform, glacial acetic acid, &c.. 
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in fine golden yellow needles, which sublime in large thin 
needles, and melt at 156°. 

Dimethylanih/racmy CigHj^. 

This compound was first obtained by Van Dorp, who was 
led to it during the examination of a tinctorial substance 
prepared from cochineal. If carmine dissolved in sulphuric 
acid is heated at 120° C, the yellowish-red colour of the 
liquid becomes violet, whilst COj and SO^ are evolved. After 
the temperature has been maintained for a time at 140°-150°, 
the solution is poured into water, and the new colour is 
obtained as a brown flocculent precipitate. After being 
washed and dried, it is extracted with boiling alcohol, and 
the alcoholic solution is evaporated. This compound, which 
was named ruficoccin by Liebermann and Van Dorp, is 
sparingly soluble in cold water, a characteristic by which 
it is distinguished from carmine and from carminic acid. 
It dissolves in alcohol with a beautiful yellow fluores- 
cence, sublimes partially in red vapours, which condense in 
yellowish-red needles, and with mordants dyes shades re- 
sembling those of cochineal, although less brilliant. Its 
analysis leads to the formula CigHjaOg. 

Prom the origin and behaviour of ruficoccin, which ap- 
proximate very closely to those of rufigallic acid and the 
colouring matter of opianic acid, C^^'H.fiQ (deducible from 
anthracen), Liebermann and Van Dorp concluded that it 
must contain the complex of dimethylanthracen, and have 
the constitution 



C14H2 



f(CH3), 
(OH), 
0.. 



Its origin is readily intelligible, if we assume that the 
substance which on nitration induces the formation of nitro- 
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coccusic acid is joined to the molecule from whicli water is 
removed. 



CH, \ 




[(CH3), 


C,H,(OH). 


-2(H,0) = C„H, 


(OH), 


CO OH/ 




0,. 



This view is strongly supported by the behaviour of rufi- 
coccin with ignited zinc-dust. The result is a hydrocarbon 
resembling anthracen, melting at a high temperature, sub- 
liming in white leaflets, and forming a red compound with 
picric acid. After repeated re-crystallisation, this sub- 
stance melts at 190% which is below the melting-point of 
anthracen. 

Liebermann and Van Dorp at first considered this sub- 
stance as dimethylanthracen ; but subsequent researches ren- 
dered it probable that it contains two atoms less hydrogen 

Van Dorp next attempted to arrive at dimethylanthracen 
in another manner, in order to compare it with the hydro- 
carbon obtained from cochineal. 

By heating benzylchloride and water in sealed tubes, 
Limpricht obtained anthracen according to the equation — 

4C,H7C1=4HC1 + C,,H,o + 0,,^,,- 

CH 

If the reaction with xylylchloride, CgH^ q, 'CHg, is analo- 
gous, the result must be dimethylanthracen. 

4C,H3C1 =4Ha + C,,Hi4 + CieHi3. 

The diflSculty of preparing large quantities of xylol 
induced Van Dorp to make the experiment with coal-tar 
xylol, which yields chiefly* isophthalic acid, and only a small 
proportion of the terephthalic acid. 

By acting with chlorine upon boiling xylol, we obtain 
after repeated fractionation a product boiling between 190** 
and 200% which consists chiefly of the desired xylyl chloride. 
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If tills is heated along with water in sealed tubes to 210^ 
C, we obtain a brown oil of an aromatic odour, very little of 
which, on fractionation, passes over below 280**. The ther- 
mometer then rises gradually up to the boiling-point of 
mercury, whilst a light yellow oil distils over. Subsequently 
a crystalline body condenses in the neck of the retort, and 
finally semi-solid products appear. To obtain the crystal- 
line body in a state of purity is not easy, as the above- 
mentioned admixtures adhere to it very obstinately. The 
substance can only be obtained in quantity by taking a 
considerable amount of the chloride, and submitting it to 
repeated distillation, decantation, and recrystallisation from 
glacial acetic acid. After repeated purifications, its ulti- 
mate analysis yielded the numbers required for dimethyl- 
anthracen. 

The above-mentioned oil, obtained on the distillation of 
the product of the reaction of xylylchloride with water, if 
distilled through ignited tubes, which are best filled with 
pumice or lime, is completely converted into dimethylan- 
thracen. This is then collected in the cold anterior portion of 
the tube, and is purified by distillation. This transformation 
of the oil seems to occur partially during ordinary distilla- 
tion, since it deposits crystals; it is, therefore, difficult to 
purify it so far, that it may be regarded with certainty as 
a homogeneous body, and analysed as such. From its 
elevated boiling-point it appears to be a product of the con- 
densation of several molecules of xylol, and that it is formed 
from xylol in the same manner as the compound C^*H^* in 
Limpricht's synthesis of anthracen. The analogous com- 
pound CjgHjg might be transformed into dimethylanthracen 
by the abscission of H. 

This view is supported by the fact that the liberation of 
H is observed on passing the oil through ignited tubes» 
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Dimethylanthracen has a strong outward resemblance to 
anthracen ; it is readily obtained in large shining leaflets, to 
which a faint yellow colour obstinately adheres. 

If cautiously sublimed it becomes pure white, with the 
blue-violet fluorescence which also characterises pure an- 
thracen. Its melting-point is about 200° C. It dissolves in 
the usual solvents in about the same proportions as an- 
thracen. A characteristic picric compound has not been 
obtained. 

If dissolved in glacial acetic acid, it is readily oxidised, by 
the addition of chromic acid, to a substance readily soluble 
in glacial acetic acid, insoluble in potassa, melting at 153% 
and subliming in yellow needles. The numbers obtained on 
analysis agree tolerably with the formula of dimethylanthra- 
quinon. There is found, at the same time, a small quantity 
of a second substance insoluble in potassa, sparingly soluble 
in glacial acetic acid, which sublimes in yellow needles, and 
has a higher melting-point. 

It was not found practicable to obtain a colouring matter 
corresponding to alizarin by converting this oxidation-pro- 
duct into a sulpho-acid and subsequent fusion with potassa. 
The mass took a transient violet colour, but the colouring 
matter was immediately decomposed. 

In spite of all these observations, Zincke doubts the for- 
mation of dimethylanthracen, especially as Van Dorp did not 
Succeed in transforming dimethylanthracen as a body of its 
composition requires. 

Anthraquinouy Ci4Hg02. 

As was already mentioned in treating of anthracen, the 
oxidation-product first obtained by Laurent and named by 
him, firstly paranaphthalose, and afterwards anthracenuse, is 
identical with Anderson's oxanthracen. Graebe and Lieber- 
mann adopted none of these names, but called it anthra- 
quinoil because it is derived from anthracen in the same 
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manner as quinon from benzol, and. as its properties can thus 
best be explained. That the two atoms of oxygen are con- 
nected together in the quinon manner, may be inferred from 
the circumstance that they replace two univalent atoms 
of hydrogen in anthracen, and can be again replaced by 
hydrogen. This substitution, however, is only possible when 
the oxygen atoms have the same value as the hydrogen 
atoms ; whence it follows that one valence of the oxygen is 
satisfied by mutual combination. 

That the two atoms of oxygen, further, are combined 
with the two middle atoms of carbon closing the two benzol 
rings, is proved by the formation of anthraquinon and of its 
derivatives from phthalic acid and benzoic acid ; further, 
inversely, the formation of phthalic acid from anthracen and 
its derivatives. The synthesis of anthraquinon from phtha- 
lic acid further proves the ortho-position of the two CO 
groups in at least one of the benzol rings ; the corresponding 
position in the second benzol ring is very probable, on the 
one hand, on account of the ready oxidation of the anthra- 
quinon derivatives, — a fact which in itself points to an ortho- 
derivation ; and, on the other hand, on account of the forma- 
tion of quinizarin from phthalic acid and hydroquinon. If 
we take hydroquinon for a para-derivative, there remain for 
the two atoms of carbon, supposing that one hydroxyl is 
adjacent to one carbon, only the positions 1*2, and 1*4 ; but 
the properties of the anthraquinon derivatives favour the 
position 1*2, rather than 1*4. 

Among the derivatives of anthraquinon, the position of 
the substituents is Imown only in alizarin, and those deriva- 
tives from which alizarin is formed, as alsoquinizarin. In 
alizarin, as in pyrocatechin, the two hydroxyls are in the 
ortho-position ; but in quinizarin, as in hydroquinon, in the 
para-position. If it were possible to produce an anthraquinon 
derivative from resorcin, the positions of the two carbon 
atoms 1*2 would be proved. Whether in anthraflavic acid. 
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isoanthraflavic acid, and chrysophanic acid, the hydro zyls 
are contained in one and the same benzol-ring or distri- 
buted in both, has hitherto not been demonstrated ; but the 
latter view seems very probable, and could be demonstrated 
if oxyphthalic acid could be obtained, or if iso- and tere- 
phthalic acid yielded compounds like those formed by phthalic - 
acid with phenolen. 

The formation of anthraquinon from benzoic acid further 
allows anthraquinon to be regarded as a double keton, inas- 
much as on the distillation of benzoate of lime the two 
residues of benzoic acid combine, and caustic lime is pro- 
duced. Here also the two oxygen atoms combine with each 
other in the manner of quinon. 

Among the numerous synthetic methods for the forma- 
tion of anthraquinon derivatives, the synthesis of Baeyer and 
Caro takes a prominent place. It generalises the method 
first discovered by Baeyer and Grimm, the products of 
which — quinizarin, formed from phthalic acid, and hydro- 
quinon — ^were previously unconnected. By this means it has 
become possible to enter more profoundly than heretofore 
into the nature of anthraquinon. 

Phthalic acid acts upon the phenols in a twofold rela- 
tion. It either combines with one or two molecules of 
phenol. In the former case there is produced an anthra- 
quinon-derivative, and in the second a phthalein. These 
two reactions were first only observed in case of hydroquinon ; 
whilst in case of the remaining phenols only the phthaleins 
were known. Subsequently the formation of anthraquinon 
was established in the case of phenol and pyrocatechin. 
The conditions for this reaction are elevated temperatures 
either with or without dehydrating agents. These agencies, 
when moderately applied, produce phthaleins, but if inten- 
sified, they give rise to anthraquinons. The phenols are 
divided according to their behaviour into two classes. 
Eesorcin and pyrogallic acid yield phthaleins even without 
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the application of sulphuric acid, but no anthraquinons can 
be obtained from them. Phenol, hydroquinon, and pyro- 
cateohin do not act upon phthalic acid without the addition 
of sulphuric acid, but then there are formed both phthaleins 
and anthraquinons. By this synthetic method there have ' 
been obtained oxyanthraquinon, erythroxyanthraquinon, 
alizarin, and quinizarin. But even before this synthesis of 
Baeyer's and Carols was known, Piccard obtained anthra- 
quinon from phthalic acid, and he was led to this synthesis 
by the observation of Weith and Bindschadler, that on. sul- 
phating anthraquinon phthalic acid was formed. He se- 
lected Finke's method, the separation of hydrochloric acid 
from a chloride and a hydrocarbon — ^in this case phthalic 
chloride and benzol — according to the following equation : 

CO . CI .COv 

CO . CI ^G(X 

The result confirmed his expectation. Pure anhydrous 
phthalic acid was converted by means of phosphoric chloride 
into phthalic chloride, and the latter, after rectification at 
270°, was heated for twelve hours in a sealed tube to 220% 
along with benzol and zinc powder. After extraction at a 
boiling heat with alcohol and soda-lye, when a not incon- 
siderable amount of a brown matter passed, into solution, 
the residue, on sublimation, yielded the well-known yellow 
needles of anthraquinon. The yield was small, so that it is 
doubtful whether the above formula expresses the main re- 
action. Piccard, however, proved beyond doubt that the 
body obtained was really anthraquinon, by an analysis ac- 
cording to Luck, and by conversion into alizarin. 

After Behr and Van Dorp had shown that /8-benzyltoluol, 
as also that )9-tolylphenylketon, can be respectively trans- 
formed into anthracen and anthraquinon, whilst this trans- 
formation is not successful with the corresponding member 

p 
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of the para-series, they investigated the two benzoylbenzoic 
acids in the same respect, and found that their behaviour cor- 
responded with that observed in benzyltoluoL 

Anthraquinon is formed from /8-benzoylbenzoic acid, by 
the removal of water : 



HOOC 


CO 


CgH4H C5H4 = 


= C,H, CeH,+H,0 


\ / 


\ / 


CO 


CO 



Behr and Van Dorp employed anhydrous phosphoric acid 
as a dehydrating agent. Two parts PjOg, and one part of 
/8-benzylbenzoic acid were mixed, sand was added and the 
mass distilled ; the distillate was pure anthraquinon. 

Better results were obtained when the above-mentioned 
mixture was heated for some hours to 200° in the oil-bath, 
and the anthraquinon formed extracted by means of benzol* 

Parabenzoylbenzoic acid, if treated in the same manner, 
yields no anthraquinon. Small quantities of anthraquinon 
were also obtained on distilling benzoic acid with PaO^; 
)8-benzoylbenzoic acid having been evidently formed from two 
molecules of benzoic acid with loss of water : 

o o 

which then again loses a molecule of water, and is condensed 
to anthraquinon. 

The formation of anthraquinon on the distillation of the 
benzoate of lime, which was also observed by K6kul6 and 
Franchimont, depends in any case upon an analogous pro- 
cess, save that in one case H^O is split off, and in the other 
CaHaOa- Anthraquinon is also probably formed during the 
distillation of /8-benzoylbenzoate of lime. 

The formation of anthraquinon from benzoate of lime may 
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appear also as a second anhydride of benzoic acid. We have, 
namely : 

2C7H6O2 = Ci^HioOj + HjO, Benzoylanhydride. 
C,4Hiq03= Ci4Hg02 + H2O, Anthraquinon. 

This condensation could be readily explained by the 
following formula : 

H H 
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Anthraquinon. 
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2 Benzoic Acid. 





As already stated, K^kul6 and Franchimont obtained an- 
thraquinon as a secondary product from the preparation of 
benzophenon. Benzophenon was obtained by the distillation 
of benzoate of lime, without the addition of quick-lime. 
When the benzophenon, already partially purified by distil- 
lation, was recrystallised from ether, there appeared upon the 
voluminous crystals of benzophenon fine yellow needles, re- 
latively sparingly soluble in ether. The portion of the ben- 
zophenon boiling at a higher temperature yielded a larger 
quantity of this substance. The same needles were also 
deposited on the addition of ether to the portion which 

F 2 
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distilled over at about 340° C, and no longer solidified. After 
repeated recrystallisation from hot benzol, these ciystals dis- 
played the exact composition and the properties of anthra- 
quinon. They melted at 275°, sublimed below their melting- 
point, showed the characteristic red colour when heated with 
zinc-powder and potassa-lye, and when heated with zinc- 
powder alone produced anthracen. 

For the industrial preparation of anthraquinon, anthracen 
is employed, which, after a more or less perfect purification, 
is treated with oxidising agents, such as chromic acid, nitric 
acid, &c. 

In order to prepare anthraquinon with nitric acid, it is 
boiled with acid of 1*2 sp. gr., the yellow mass which 
separates out is well washed and sublimed. In this procedure, 
employed by Laurent and Anderson, nitro-products are 
always formed along with anthraquinon, which impede the 
purification, and if the method is used on the large scale, are 
lost on the ultimate conversion into alizarin. It is better, 
therefore, to employ chromic acid or a chromate. 

For the preparation of small quantities the best agents 
are glacial acetic acid and chromic acid. Anthracen is dis- 
solved in hot glacial acetic acid, and chromic acid, dissolved 
in the same manner, is added as long as reduction takes 
place. Needles of anthraquinon are deposited, and that 
lyhich remains in solution is thrown down on the addition 
of water. The resulting mass is best purified by distillation 
or sublimation, when the anthraquinon is obtained pure. 
Instead of chromic acid, chromate of potash may be used, 
either alone or with sulphuric acid. The anthracen is dis- 
solved as before in hot glacial acetic acid, and two parts of 
powdered chromate of potash are added. The reduction of 
chromic acid begins forthwith, heat being evolved. As the 
reaction slackens, it is aided by the heat of the water-bath, 
till the solution takes a deep green. It is then diluted with 
water, an4 the piass which separates put is well washed. 
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dried, and distilled. Anthraquinon distils over, whilst a 
considerable quantity of cLromiferous charcoal remains be- 
hind. The bye-products which form this charcoal are more 
abundant when chromate of potash is used than in case of 
chromic acid. Perhaps they agree with the chromated pro- 
ducts formed from phenol and cresol on oxidation with 
chromate of potash and glacial acetic acid. Like these, they 
leave, after being heated, a pyrophoric mixture of carbon and 
chromic oxide. Since also carbazol on oxidation with chromic 
acid yields a chromiferous oxidation-product, the chromiferous 
charcoal may have this origin when the anthracen employed 
contains carbazol. 

In the preparation of anthraquinon on the large scale 
chromic acid is used, or at least a mixture of chromate of 
potash and sulphuric acid. The anthracen, preferably 
sublimed, is diffused in water, the corresponding amount of 
bichromate of potash is added, the mixture boiled, and the 
calculated quantity of sulphuric acid is run in. After the 
completion of the reaction, the liquid is allowed to cool, 
filtered, the product is well washed with water and dried. 

The chrome solutions are either allowed to crystallise, 
when the crystals of chrome-alum may be applied to dyeing 
purposes, or they may be reconverted into chromate of potash. 
The dried crude anthraquinon is heated with sulphuric 
acid to about 120*" C; the black liquid mass is diluted with 
water, filtered, washed well and dried. The anthraquinon is 
thus obtained as a greyish- green impalpable powder, contain- 
ing 93 to 96 per cent, of pure anthraquinon. 

Another process, which, if it could be carried out on the 
large scale, would be certainly the least expensive and most 
practical, has been patented in England by F. Baeyer, T. 
Weskott, and A. Siller. According to this process, one part 
of anthracen is heated with one to five parts of manganese 
to about 200°, when the anthraquinon is obtained direct as a 
sublimate. Unfortunately, the yield from this process is 
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rather small. It can, indeed, be increased by the addition 
of some sulphuric acid, but even then there is much room for 
improvement. 

For the purification of crude anthraquinon it has been 
recommended to boil the crude article with dilute soda-lye 
and zinc-dust, to filter hot, and to precipitate anthraquinon 
. from the filtrate by blowing in air. This process has the 
defect that during the filtration a part of the hydroanthra- 
quinon becomes oxidised, and consequently remains in the 
residues, and that phenanthraquinon also is reduced by zinc- 
powder and soda-lye. Anthraquinon purified in this manner 
requires to be treated with sulphuric acid to make it fit for 
the subsequent operations. 

Anthraquinon sublimes in beautiful golden-yellow needles, 
but on the large scale it is obtained in fine dark gold-coloured 
columns, several inches in length. The colour varies greatly, 
depending probably on the size of the crystals. Under 
certain circumstances, particularly in a state of minute 
division, it is almost colourless ; e.g. if precipitated by water 
from a solution in sulphuric acid. Even then, however, it is 
not perfectly colourless, and the golden hue must indubit- 
ably rank among its characteristic properties. In ether and 
benzol it is sparingly soluble, though the latter solvent takes 
it up more freely at the boiling-point than when cold. Its 
melting-point is 273° C. Its vapour density was determined 
experimentally by Graebe as 7*33, whilst, according to the 
formula Ci4HgOj„ theory would require 7*20. Schlitzenberger 
has described an isomeric anthraquinon, which he obtained 
on repeating the experiments of Graebe and Liebermann. It 
crystallises in fine red needles, resembling alizarin, from 
which it is distinguished by its insolubility in caustic alkalis 
and ammonia. This isomer is transformed into ordinary 
yellow anthraquinon if its vapour is heated to 300°. It is 
obtained by the action of nitric or concentrated sulphuric 
acid upon the products of chloride and anthracen. 
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Auerbach also obtained a red antliraquinon from alizarin 
paste. If this is evaporated to dryness and sublimed, the 
sublimate is not perfectly soluble in hydrate of soda; but 
orange red needles are left behind, completely similar to 
alizarin in their external properties, but distinguished by 
their insolubility in caustic alkalis. With zinc-powder and 
hydrate of soda they give the characteristic red colwir of an- 
thraquinon. This red anthraquinon seems to be a compound 
of anthraquinon and alizarin. If it is treated with benzol, 
this liquid, on being shaken up with hydrate of potassa, turns 
violet, whilst the anthraquinon, if treated at once with 
potassa, shows no colour. 

Anthraquinon is distinguished by its stability. It resists 
the action of oxidising agents with remarkable energy. On 
fusion with hydrate of potassa it is converted into anthra- 
quinonhydron and anthrahydroquinon. 

Bromine has no action in the cold upon anthraquinon, 
whether dry or dissolved in bisulphide of carbon. On pro- 
longed heating to 160° in sealed tubes bibromanthraquinon 
is formed. 

It is less affected by reducing agents than are the quinons 
of benzol and naphthalin. In behaviour and in formation 
the quinon of naphthalin takes an intermediate position 
between those of benzol and of anthracen. Quinon and its 
chloro-substitution products are readily reduced by sulphur- 
ous acid; bichlomaphthaquinon is not altered by this re- 
agent, but is converted into the corresponding hydroquinon 
on heating with hydriedic acid. Anthraquinon cannot be 
converted into bioxyanthracen even by hydriodic acid. 

If anthraquinon is heated for some hours to 150° in a 
sealed tube along with hydriodic acid (boiling at 127°) 
and some yellow phosphorus, the yellow needles disappear, 
and colourless leaflets appear in their stead. These, however, 
consist not of bioxyanthracen, but of anthracen mixed with 
a little anthracenbihydride. The reduction of anthraquinon 
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to anthracen is easily effected with zinc-powder. The trans- 
formation succeeds perfectly if the anthraquinon is mixed 
with ten parts of zinc-powder, placed in a combustion-tube 
closed at one end, and a layer of zinc-powder filled in at the 
open end. Heat is then gradually applied to the tube from 
the front to the back, as in an orgaiiic analysis, till a faint 
redness is reached. The anthracen is deposited in the cold 
front-end of the tube in pure leaflets. As zinc-powder, when 
heated alone, yields large quantities of hydrogen in conse- 
quence of containing hydrous oxide of zinc, the reduction of 
anthraquinon to anthracen is intelligible : 

CnHgCOa) + Ha + 2Zji=2G,,'B:,, + 2ZnO. 

Though Graebe and Liebermann stated that anthraquinon 
resists the action of oxidising agents with extraordinary per- 
tinacity, Wartha succeeded in oxidising it, notwithstanding 
its remarkable permanence. K an absolute alcoholic solution 
of pure, almost colourless, anthraquinon (obtained by means 
of chromic acid, and repeatedly sublimed) is heated to a boil 
in a test-tube with solid caustic potassa, it is soon found that 
the liquid turns yellow, and forms two strata — a lower, con- 
sisting of melted potassa, and an upper, consisting of an 
alcoholic solution of anthraquinon. On continued heating 
the solution becomes darker, and finally, if but little alcohol 
is present, turns brownish black. The two liquids now mix 
together with a strong evolution of gas ; the mass becomes 
a fine green, then dark blue, and on continued heating the 
characteristic violet colour of alizartn-potassa appears. The 
mixture is now allowed to cool, and dissolved in water ; the 
violet-purple solution is precipitated with sulphuric acid and 
extracted with ether. From the ethereal solution alizarin, 
with all its characteristic attributes, can be separated by 
means of aqueous potassa. In this operation, however, by 
far the larger part of the anthraquinon is not attacked, and 
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can be transformed into colouring-matter by repeated fusion 
with fresh doses of potassa and alcohol. 

If stannous chloride is added to the alcoholic solution of 
anthraquinon, and if it is heated with solid potassa in the 
same manner to fusion, a peculiar phenomenon is observed. 
If the chloride of tin is in excess, the lower fused stratum of 
potassa turns green much sooner than when melted without 
chloride of tin ; the upper alcoholic layer shortly becomes a 
fiery blood red, and if allowed to cool and to stand uncovered, 
or if a current of air is passed through, it becomes covered 
with a brown crust. If this is removed by shaking the 
liquid, it forms again as long as the fluid displays the intense 
red colour. The black-brown precipitate deposited, when 
filtered and washed, can be partially converted into alizarin 
by solid potassa alone. If the above-mentioned blood-red 
potassic solution is not allowed to cool, but heated to fusion, 
the whole mass becomes green, then blue, and finally violet. 
K an excess of chloride of tin has been added, less alizarin 
is formed, or sometimes none at all. A small addition of 
stannous chloride, however, augments the yield of colouriug 
matter. The above-mentioned operations can only be success- 
fully conducted with small quantities. If large amounts are 
employed, nothing but brown or reddish-brown humus-like 
bodies are often produced, with little or no colouring-matter. 
The direct oxidation of anthraquinon can be -rendered much 
more productive by mixing it thoroughly with two parts of 
sodium-ethylat, and adding it to melting potassa. After the 
addition of some portions of this mixture there is much 
frothing, the mass becoming black-brown, and subsequently 
quite black. The addition is gradually continued, with 
constant stirring, till the product becomes quite thick, and 
appears of a blackish- violet in thin layers on the edge of the 
porcelain capsule. After the mass has been kept at the 
melting-point for about fifteen minutes, it is allowed to cool; 
the violet solution is precipitated with sulphuric acid, and 
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thus the impure colouring-matter is obtained in the form of 
brown flakes, which are contaminated with undecomposed 
anthraquinon, as well as with humus-like substances formed 
during oxidation. It is shaken up with ether, which merely 
dissolves alizarin and some anthraquinon ; the pure colour- 
ing-matter is withdrawn from the ethereal solution by means 
of soda-lye, and the same operations are repeated with the 
same portion of ether, as long as it takes any colour. The 
coloured solutions are then mixed together, filtered, washed, 
dried, and sublimed. The small amount of anthraquinon 
still adhering to the alizarin may be safely and completely 
removed by cautiously heating in the sand-bath to 180**-200**. 
It is only at higher temperatures, approaching 800% that 
alizarin sublimes in characteristic orange-red needles. 

Graebe and Liebermann have discovered another method 
of decomposing anthraquinon. If it is heated in a silver 
capsule to 250° with potassa, the mass soon becomes blue, as 
if containing alizarin. If, however, water be added, the 
solution is decolourised, and little is obtained save anthra- 
quinon, which separates out in flakes. If the action is long 
continued, the anthraquinon is more strongly attacked ; on 
diluting with water, undecomposed anthraquinon is still pre- 
cipitated, but on adding an acid to the filtrate, there appears 
a copious colourless deposit, which distils over with the 
vapour of water, and leaves merely a trace of a brownish 
colouring-matter (alizarin?). The acid which separates out 
in a quantity very large in proportion to the anthraquinon is 
the benzoic, the formation of which, as the only product of 
the splitting up of anthraquinon, is the more interesting, as 
rendering it highly probable that the molecule of anthra- 
quinon is resolved into the same equal halves from which 
anthracen is formed on its synthesis from benzylchloride. 
If the temperature of the fused mass of potassa and anthra- 
quinon is raised, a point of time is observed when it is 
covered with a greenish iridescent film. If the mass is then 
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poured into water, the solution takes a splendid cherry-red. 
On rapid filtration it is found that the filtrate is rapidly de- 
colourised, with the separation of white flakes. If the red 
alcoholic solution is dropped into an acid, there is obtained 
a lemon-yellow amorphous precipitate, which quickly changes 
on exposure to the air, and turns white. The white body 
produced does not yield a red solution with aqueous potassa, 
and is insoluble in this reagent. It is anthraquinon. 

Care must be taken not to heat the melted potassa too 
strongly, as otherwise a violent development of hydrogen 
gas sets in, and the anthraquinon undergoes further decom- 
position. 

This ultimate product has not yet been further examined. 
The yellow compound which dissolves in alkalis with a red 
colour can also be obtained by another method, by which 
its preparation is free from all difficulty, and the nature of 
the substance is rendered intelligible. If a mixture of 
anthraquinon and zinc-powder is covered with aqueous 
potassa, the liquid becomes red even in the cold. The 
action is completed by heating for a few minutes to 100% 
when the anthraquinon is quantitatively transformed. 
Where the air has access, either anthraquinon or an inter- 
mediate compound is separated. The mixture is filtered 
and precipitated with an acid, air being excluded. The 
yellow precipitate is placed upon a filter in a current of 
carbonic acid. The filter is supported by a Plantamour^s 
funnel, in which the precipitate is dried. It dissolves with 
difficulty in sulphide of carbon. It is soluble in alcohol and 
ether with a yellow colour and a splendid green fluorescence, 
but the greater portion is converted into anthraquinon 
unless the air is excluded. From hot carbolic acid it is 
obtained in small yellow needles. Concentrated sulphuric 
acid dissolves it with a violet colour, which changes almost 
instantly into the ordinary yellow of a solution of anthra- 
quinon in sulphuric acid. Hitherto the quinon-like nature 
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of anthraquinon had only been inferred from its composition 
and its direct formation out of anthracen on oxidation, from 
its behaviour with phosphorus perchloride, and from the 
fact that on the introduction of two hydroxyls it yields 
alizarin, which must be unconditionally regarded as a quinon. 
The proof that an anthrahydroquinon exists — to which an- 
thraquinon bears the same relation as that of quinon to 
hydroquinon — ^had previously not been furnished. The 
above-described compound supplies this deficiency, it being 
simply anthrahydroquinon or anthraquinonhydron, or pro- 
bably a mixture of both., 

HO O— 0-Cu H, 

HO \hO oh. 

It is possible that the yellow colour of the reduction- 
product and the red colour of its alcoholic solution may be 
derived from anthraquinonhydron, and that the anthra- 
hydroquinon itself is colourless. 

If the dry product of the reduction is covered with strong 
potash lye, the surface becomes for a short time a splendid 
dark-green, probably due to anthraquinon-hydron. 

In an alkaline solution anthraquinon-hydron absorbs 
oxygen, reduces Barreswill's liquid, though the anthraquinon 
which is separated out at the same time makes the reaction 
indistinct. The production of this substance on fusion with 
potassa is easily explained by the reducing action of the 
hydrogen evolved in the melted mass. It may also be 
detected, although with greater difficulty as in smaller 
quantity, on boiling anthraquinon with alcohol, sodium- 
amalgam, and a little potassa. 

Bibromanthraquinony Ci4HgBr2(02). 

It has been already observed above that bibromanthra- 
quinon can be obtained by two methods. It is formed 
firstly by the direct action of bromine upon anthraquinon 
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at 160**. The calculated quantities of the ingredients are 
introduced into a tube, mixed as well as possible — upon 
which the success of the reaction essentially depends — the 
tube is sealed and heated in the air-bath until all or nearly- 
all bromine vapours have disappeared, which requires a con- 
siderable time. On opening the tube large quantities of 
hydrobromic acid escape, and the appearance of the contents 
is found to have become modified. The resulting mass is 
recrystallised from benzol. This method of preparation is 
not readily successful, as hard masses are almost always 
formed, in which a portion of the anthraquinon escapes the 
action of the bromine. 

Bibromanthraquinon may be more conveniently obtained 
from tetrabromanthracen. One part of the latter is heated 
with two parts chromate of potash and five to six parts of 
colourless nitric acid of specific gravity 1*4 in a spacious 
flask. The reaction is very violent at first ; bromine escapes 
in large quantity, and the liquid sometimes froths strongly. 

As soon as the development of bromine-vapours ceases, 
the action is complete. It is then diluted with water ; the 
mass, which has become pale yellow, is collected upon a 
filter, washed, and recrystallised from benzol. The oxidation 
succeeds also well with glacial acetic acid and chromic acid . 

Bibromanthraquinon crystallises in light yellow needles 
and sublimes undecomposed in the same form. 

It is very sparingly soluble in alcohol, but more readily 
in benzol and chloroform. It undergoes double decom- 
position much less easily than the chlorised and bromised 
quinons of benzol and naphthalin. Potassic hydrate only 
acts upon it at temperatures above 200°. Alizarin is then 
formed according to the subjoined equation, and combines 
with two molecules of potassa to alizarate of potassa : 

CuHeBr^CO^)'' + 2KK0=C,JL,{B.0),{0,y' + 2KBr, 

Bibromanthraquinon. Alizarin. 
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This reaction corresponds exactly to the production of 
chloranilic acid from chloranil : 

Ce^iiO^Y' + 2KH0= C6(HO)2Cl2(02) -h 2KC1, 

Chloranil. Chloranilic acid. 



Monobromanthraquinon, Ci4H7Br(02). 

This compound is obtained from tribromanthracen exactly 
as is bibromanthraquinon from tetrabromanthracen. 

It crystallises in light yellow needles, melts at 187% and 
sublimes undecomposed in needles. It is sparingly soluble 
in alcohol, tolerably freely in hot, but scarcely in cold 
benzol. If concentrated along with hydrate of potassa, it 
is converted, not into the corresponding oxygen compound, 
but into bioxyanthraquinon — i.e. alizarin, as will be analy- 
tically proved below. Monobromanthraqumon behaves in 
this respect like trichloroquinon, which is converted by 
alkali into chloranilic acid. 

Hydrate of potassa has therefore in both cases a further 
oxidising action. 

CeHCljCO,)'' + KHO + H2O = Ce(HO) ^Gl^{O^Y' + KCl + H„ 

Trichlorquinon. Chloranil acid. 

C„H,Br(0,)+KHO+H,0=C,,H,(HO),(0,r + KBr+H„ 

Bromanthraqninon. Alizarin. 



Bichloranthraquinony Ci4HgClj(0j). 

This compound is obtained in a similar manner to 
bibromanthraquinon. Tetrachloranthracen is oxidised either 
by means of glacial acetic acid and chromic acid, or by nitric 
acid, as described above under bibromanthraquinon. 

In its external properties it completely resembles the 
corresponding bromine compound ; it ci'ystallises in yellow 
needles, and dissolves not very readily in benzol, but more 
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freely than the corresponding bromine compound. It is 
sparingly soluble in alcohol and ether. 

On fusion with hydrate of potassa it yields alizarin. 

MononitroanthraquinoUy Cj4Hy(N02)02. 

In order to nitrate anthraquinon, it is dissolved with the 
aid of heat in at least 6 parts, but preferably in 10-12, or 
even larger proportions of nitric acid of from 1*48 to 1*5 
sp- gr., and the solution kept at a brisk boil from 30 to 45 
minutes in case of small quantities, or a correspondingly 
longer time if the quantity is large. 

Afterwards the liquid is poured into an excess of cold 
water, and the pale yellow flakes precipitated are washed 
with water. The preparation is therefore very simple, but 
the product is naturally not quite free from quinon. If 
pure anthraquinon is used, higher oxidation-products are 
formed, only in very small quantities. 

Mononitroanthraquinon, when dried, is a pale yellow, 
and, like most of the anthraquinon compounds, a very 
electric powder. At high temperatures it sublimes readily 
in minute needles, pale yellow, or almost white, which, at 
230**, melt to a yellow liquid. It is insoluble in water, 
scarcely soluble in ether, very sparingly in alcohol, more 
readily in acetic ether, benzol, chloroform, oil of turpentine, 
also in glacial acetic acid, from which it crystallises in fine 
needles, which readily dissolve with a brownish-yellow colour 
in concentrated sulphuric acid and in aniline, with the latter 
of which, like the dinitro-compound, it forms a resinoid 
combination, which dissolves with a rich magenta colour 
in acetic acid, acetic ether, and other ethereal solvents. 
It is readily soluble in nitrobenzol, whence it can be 
obtained in narrow, neat monoclinic columns. If dissolved 
in concentrated sulphonitric acid, it is readily and com- 
pletely converted into a dinitroanthraquinon, which is in 
part at once deposited from the acid solution. 
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Very remarkable is the behaviour of a mononitroanthra- 
quinon with alkali at a melting heat. Alizarin is produced 
in abundance, but there is also reproduction of a certain 
quantity of anthraquinon. 

The mononitrated quinon-derivative behaves also like a 
dinitroanthraquinon when its solution in an excess of common 
sulphuric acid (12 to 16 parts) is heated to 200°. There is 
a moderate liberation of sulphuric acid, and the liquid soon 
takes a deep brownish-red colour. On adding zinc the reac- 
tion is similar. When the first action is at an end the mixture 
is allowed to cool a little, and heated again till the odour 
of SOj has disappeared. It is then poured into cold water, 
the precipitate of fine violet-red flakes is well washed in 
cold water, dried, and purified by repeated evaporation from 
alcohol. 

We obtain the compound as a powder, having more or 
less the colour of peach-blossom. When heated, it melts to 
a deep cherry-red liquid, fi*om which sublime rose-coloured 
needles melting at 240®. 

It is almost insoluble in water, more soluble in alcohol, 
ether, acetic ether, chloroform, benzol, and glacial acetic 
acid, with a deep rose colour, and crystallises very beauti- 
fully from the last-mentioned solvent. Concentrated sul- 
phuric acid dissolves it readily with a light brownish-red 
colour, and hydrate of potassa with a violet red, as does 
also ammonia, but less readily. Concentrated nitric acid 
produces an immediate brovni colouration, and on boiling 
there is produced a reddish-yellow solution, from which 
water precipitates a nitro-compound in bright yellow flocks 
— easily soluble in potassa — with a vinous red colour, and 
if melted with this alkali yielding alizarin. 

The results of the analysis agree with the formula 
CjgHigNjOg, according to which the compound may be 
regarded as imidohydroxylanthraquinon* 
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The colouring matter, Ci4HgNj04, obtained from a dinitro- 
anthraqninon has been named by Boettger and Petersen 
a diamidodihydroxylanthraquinon. 

Od heating ordinary dinitronaphthalin with concentrated 
sulphuric acid there is formed naphthazarin, the nitrogen- 
groups of the nitro-compound being simply put aside. That 
in the analogous and mononitroanthraquinon, just as in a 
dinitroanthraquinon, they are merely changed, and no new 
dioxy-grouping is produced, is easily intelligible, since the 
latter is abeady present. 

Binitroanthraqumoriy O^^^QSO^^{0^'\ 

This compound was discovered by Fritzsche, and was 
named by him oxybinitrophoten or * reagent.' Its formation 
from anthracen on treatment with nitric acid and its for- 
mula, show that it must be regarded as dinitroanthraquinon. 

It is a constant accompaniment of anthraquinon when 
prepared by boiling anthracen with nitric acid. To obtain 
it pure and in larger quantities, pure sublimed anthraquinon 
is treated with about 16 parts by weight of a mixture 
of equal volumes of concentrated nitric acid (1*5 sp. gr.) 
and common oil of vitriol. It is heated to about 40% and 
the action is completed by a short ebullition. As soon as 
the solution appears clear it is poured into excess of cold 
water, when dinitroanthraquinon is deposited in yellowish- 
white flocks. 

It is also obtained if anthraquinon is treated with nitro- 
sulphuric acid, or if the bisulphanthraquinonic acid obtained 
by heating anthraquinon with sulphuric acid is treated with 
nitric acid. 

The sulphuric acid group is here eliminated by nitric 
acid and replaced by the residue NO, : 

a 
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HSO3 4-NH03=NOa + H2S04, 

a reaction which has been repeatedly observed of late. 

Graebe and Liebermann describe the dinitro-product thus 
obtained as isobinitroanthraquinon. No fewer than sixteen 
isomeric dinitroanthraquinons are theoretically possible. 

The dinitroanthraqninon prepared by means of nitric 
and sulphuric acids was named a-dinitroanthraquinon by 
Anderson and Fritzsche. 

This compound is almost insoluble in water, scarcely 
soluble in ether, very sparingly soluble in alcohol and 
benzol, and rather more freely so in chloroform, from which it 
may be obtained in small, granular, pale yellow microscopic 
crystals. The precipitated flocks yield when dry a light, pale 
yellow powder, somewhat sensitive to light. 

When heated, the compound turns brown, clots together 
at 252% and at higher temperatures sublimes in small 
brownish, generally rather dull acicular crystals, a consider- 
able portion being decomposed and carbonised. If rapidly 
heated in a flame it bums quietly away, the separation of 
carbon being not very great. The larger crystals, whether 
obtained by sublimation or from solvents, appear under the 
microscope as monoclinic prisms with domal terminal planes, 
frequently bent or grouped together like the teeth of a saw, 
cruciform or aggregated in forked twin crystals. It is not 
affected by concentrated alkaline solutions, but on fusion with 
alkali a brown humus-like body is formed with partial car- 
bonisation, a small quantity of alizarin is formed, ammonia 
escapes, and a gas which causes a smouldering chip of wood 
to glow more vividly. 

Reducing agents convert it into diamidoanthraquinon. 

If dinitroanthraqninon is boiled for some time with 
anUin, it dissolves, the liquid takes a red colour and dissolves 
in excess of water. If the- liquid is mixed with hydrochloric 
acid, it turns first to a dirty yellowish brown, but on the 



Digitized by 



Google 



DINITBOAOTHEAQUINON. 8 3 

addition of more acid to a fine magenta, black resinous 
flocks being deposited. Th^^se flocks are insoluble in water, 
alkali, and alcohol, but dissolve readily in bisulphide of 
carbon with a splendid magenta colour. If the sulphide of 
carbon is shaken up with water, the red colour is not with- 
drawn ; alcohol also takes up very little of it, and deposits a 
yellow powder on the addition of carbonate of soda. If silk 
is dyed with the aqueous solution of the colouring matter 
before treatment with acid, it takes a rose shade, which on 
washing passes into a 4ull yellow. 

On concentrating dinitroanthraquinon in the water-bath 
along with a strong solution of potassic cyanide, the residual 
mass becomes a dark-red violet. If heated in the sand- 
bath we obtain a fine vermilion sublimate, whilst the mass 
tumefies and smoulders. If the black residue is extracted 
with water, a dark-red solution is obtained, from which 
dark-brown fiocks are separated on prolonged standing, 
whilst a carbonaceous mass insoluble in water is left behind* 

On treatment with concentrated sulphuric acid, dinitro- 
anthraquinon yields a violet dye. To obtain it, dinitroan- 
thraquinon is dissolved in an excess of oil of vitriol and heated 
in the sand-bath. At about 200°, a moderate escape of sul- 
phurous acid sets in, and the solution turns from a yellowish 
brown to a reddish brown. The mass is then thrown into 
cold water, washed repeatedly, dissolved in dilute alkali and 
reprecipitated with acid, and finally obtained from an alco- 
holic solution by slow evaporation. There remains a black 
himioid mass and a small quantity of an analogous dye, 
more blue in colour and sparingly soluble in alkalis. 

This violet dye may be likewise obtained by treating 
anthraquinon with excess of sulphuric acid and a little nitric 
acid. It dissolves in water with the colour of peach- 
blossom ; is readily soluble in alcohol, ether, acetic ether, 
chloroform, sparingly in benzol with a splendid violet-red 
colour, and on slow evaporation crystallises out in violet 

o 2 
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granules. On rapid evaporation, especially from alcohol, 
it is obtained in violet-brown crusts, iridescent like certain 
cetoniw. Concentrated acetic acid dissolves it with a fine 
magenta red, but concentrated sulphuric acid with a 
hyacinth red colour. On heating, it melts to a violet-red 
liquid, and sublimes but partially in violet crystals, being 
chiefly carbonised. According to analysis its formula is 
Ci4HgNj04. It dyes cotton without a mordant, and on 
treatment with hydrate of soda evolves ammonia. 

On a farther study of this violet dye Petersen pronounces 
it a diamidohydroxylanthraquinon, a constitution which 
explains its great tinctorial power, as (namely in dihydroxyl- 
anthraquinon, which abeady possesses tinctorial power) a 
nitrogen-group poor in hydrogen is present, which generally 
farther heightens this power. But if the diamido-groups are 
linked together, the two nitro-groups of dinitroanthraquinon 
from which they have arisen must have been adjacent to each 
other. 

If into the alcoholic-ethereal solution of C^Jl^fi^ there 
is passed a current of nitrous acid (ether is used to econo- 
mise alcohol, which eagerly absorbs nitrous acid), the intense 
violet liquid is gradually decolourised and becomes finally a 
light brown, whilst some deep-brown flocks and granules sepa- 
rate out. The ether and a part of the alcohol are expelled 
by heat, and the solution thus concentrated is poured into an 
excess of Water, where resinous flocks, deep yellow or orange 
coloured, are deposited and dried over sulphuric acid, as they 
easily clot together if heated. They readily melt to a red- 
brown liquid, which, on cooling, forms a brown vitreous mass, 
brittle and somewhat transparent. At higher temperatures 
the compound sublimes, giving out a peculiar saflfron odour, 
which at the same time is suggestive of anthraquinon, and 
forming fine yellow or faint hyacinth-red flat and apparently 
orthorhombic needles in feathery groups and twig-like rami- 
fications, or leaflets of a vitreous lustre with a greenish- 
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yellow surface-reflection. These soften at 142**, but are 
slow in coming to full fusion. They are insoluble in water, 
readily soluble in alcohol, especially if hot, less soluble in 
ether, and with a yellow colour. In concentrated sulphuric 
acid they dissolve with a bright orange colour, and in 
caustic alkali with a raspberry red. On standing, bright 
red flocks are deposited. On fusion with hydrate of soda, 
alizarin is readily formed. The analysis of this compound 
leads to the formula C14H7NO4, and it has received from 
Petersen the name oximidodihydroxylanthraquinon. If dini- 
troanthraquinon is heated only for a short time with concen- 
trated sulphuric acid till the solution takes a brown colour, 
and sulphurous acid is evolved after cooling, small short light 
yellow columnar crystals are formed, which are possibly a-di- 
nitroanthraquinondisulphuric acid, Ci4H4(NO,)a(S03H)20a. 
The two sulphuric acid residues would here occupy the 
positions 6 and 7, i.e. that of alizarin. 

The ease with which oximidodihydroxylanthraquinon or 
a-oximidoalizarin is obtained from the above-described com- 
pound makes the presence of the two hydroxyls in the violet 
dye very probable. 

Manoamidoanthraqvdnony G^^'H^{1^2)^2' 

Mononitroanthraqninon can be amidised by means of 
reducing agents, as readily as the dinitro-compound. It is 
best to employ sodium sulphydrate. Finely pulverised mono- 
nitroanthraqninon is heated with a moderately concentrated 
aqueous solution of the sulpho-salt. The liquid takes at first 
a green colour, but not as bright as when dinitroanthra- 
quinon is employed. It then turns violet, whilst flocks of a 
more or less decided red colour are deposited. It is kept for 
a time at a boil, diluted with water, allowed to cool in order 
to keep as little amid as possible in solution, filtered and 
washed with cold water. The o-monoamidoanthraquinon 
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thus obtained and dried appears, when pure, as a bright 
brick-red powder, which can be easily obtained by sublima- 
tion in rhombic acicular crystals of the same colour. The 
vermilion powder of a-diamidoanthraquinon, on the other 
hand, sublimes in fine flat garnet-red needles with a greenish 
reflection ; melting point 256°. The compound is sparingly 
soluble in alcohol and ether, more freely in acetic ether, 
chloroform, benzol, and glacial acetic acid, from which it may 
be obtained in beautiful crystals. It dissolves in concen- 
trated sulphuric acid with a brown-red colour. Acid com- 
pounds do not seem to be formed. 

This substance, if melted with potassa and treated with 
water, displays a deep blue-violet colour, but the product 
precipitated from it by acids contains a little alizarin. 

Diamidoanthraqvdnoriy C^^'EQ(KR^fi2' 

This compound was discovered by Boettger, and was 
named by him anthracen-orange. It is a reduction product 
of dinitroanthraquinon, from which it can be produced in 
various ways. 

It is obtained by treating dinitroanthraquinon with zinc 
and hydrochloric acid, or potassa lye. Boettger gives the 
following directions : 

Dinitroanthraquinon is covered with a solution of stan- 
nite of soda. A splendid emerald green solution is at once 
formed, from which, on heating to a boil, diamidoanthra- 
quinon separates out in beautiful vermilion flocks. These 
are filtered, well washed with water, dried, and sublimed. 
Instead of stannite of soda, sodium sulphide, or preferably 
ammonium sulphide, may be used. The latter especially 
effects the reduction very easily. The dinitroanthraquinon 
is covered with yellow sulphide of ammonium, and heated to 
a boil, when the red fiocks are obtained in abundance. 

In preparing diamidoanthraquinon with stannite of soda^ 
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a stanniferous product is often obtained, whicli precipitates in 
heavy violet flocks. These dissolve very readily in alcohol 
with a violet colour. Acids turn them red, and alkalis 
restore the violet colour. They dye wool, silk, and cotton 
directly, but the shades are faint and dingy. 

Diamidoanthraquinon sublimes readily and without much 
carbonisation. After it has melted to a deep cherry-red 
liquid^ — which, if allowed to cool, shows a green surface 
reflection — ^there sublime splendid greenish-red fine flat 
needles often forming plumose groups, with a greenish 
surface reflection. Under the microscope they appear as 
rectangular, probably rhombic, crystals (the two vertical 
pinacoids with the terminal plane). They melt at 236°, but 
sublime at a lower temperature. 

a-diamidoanthraquinon dissolves very slightly in water, 
not very freely in alcohol, wood-spirit, ether, aldehyd, 
aceton, somewhat more abundantly in acetic ether, rather 
freely in chloroform, glycerin, and benzol, and less readily in 
disulphide of carbon. 

The solutions vary from a hyacinth to a raspberry red. 
From the ethereal solutions it may be obtained in small 
crystals. Concentrated sulphuric acid dissolves it with a 
brown yellow colour, but on dilution with water it is separated 
unchanged in red flocks ; it is but slightly soluble in dilute 
sulphuric, hydrochloric, and nitric acids. From these solu- 
tions the compound is gradually deposited in a pulverulent 
form. This amid has a feebly basic character. If we 
attempt to pulverise diamidoanthraquinon when perfectly 
dry in a porcelain capsule, every particle becomes so 
strongly electric, and adheres so firmly to the capsule, that 
it cannot be removed without loss. 

If melted with hydrate of soda, it yields alizarin. C. 
Liebermann, however, has observed that the colouring matter 
thus produced has a violet colour tending more to blue, and 
on exposure to the air and on sublimation deviates in some 
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respects from ordinary alizarin. The same compound was 
prepared by Liebermann from the product obtained from the 
action of nitrous acid upon binitroanthraquinon by fusion with 
hydrate of soda. If the same product is merely boiled with 
aqueous potassa, a yellow solution is obtained, so that we 
must assume a mere partial transformation of the groups 
NO, of nitrous acid. 

If the emerald green solution produced on adding stannite 
of soda to the nitro-compound of anthraquinon, instead of 
being heated, is mixed with an excess of dilute sulphuric 
acid, there appears a flocculent brown precipitate, which, if 
washed, dried, and dissolved in alcohol, leaves, when the 
alcohol is distilled off, a brown colouring matter, which, if 
dissolved in acetic ether or alcohol, gives a deep reddish- 
purple Uquid. 

AzO'-comfounds of Anthraquinon. 

These compounds have been chiefly studied by Ander- 
son and Fritzsche. They are formed from diamidoanthra- 
quinon when its alcoholic solution is treated with nitrous 
acid. 

If the acid aqueous solution of diamidoanthraquinon is 
treated with nitrous acid, no azo-compound is found ; bnt 
the case is different if the alcoholic solution is treated with 
this acid. The hyacinth-red solution becomes first violet, 
then brownish-yellow ; and if then mixed with water, yellow 
flocks are separated, which are merely regenerated anthra- 
quinon. It is better, therefore, to use an alcoholic solution. 
On passing into it nitrous acid a brownish-violet powder is 
deposited, which dissolves in water and alcohol with a 
violet colour. The aqueous solution, if boiled, or allowed 
to stand open to the air without heat, yields diamid along 
with products of decomposition without any evolution of 
liitrogen. 
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The compound, which, according to its analysis, has the 
formula C"H®N*0*, may be regarded as 

Ci4Hg(NJ jT [aOa, a-Dinitrosoamidoanthraquinon. 

C,4Hg(Nl Q [jO,, a-Dioximidoamidoanthraquinon. 
Ci4Hg(N20H)202, Tetraazoanthraquinonhydrate. 

It may be regarded as a diamidoanthraquinon twice 

H 

combined with the group N ^^ or, according to the experi- 
ments of Graebe and Liebermann on certain naphtha-com- 
pounds, as dioximidoamidoanthraquinon with the group 

N -n-pj twice repeated, when the following expression may 
be given to the reactions : 

C.,H,(NH^,0,+ aNHO.^C^HelNJ^J'} A+ 2H,0. 

Dioximidoamidoanthraquinon is probably the first product 
of the reaction of nitrous acid upon diamidoanthraquinon. 
At the same time there is produced more or less of a brown, 
strongly explosive azo-compound, which does not dissolve in 
water with a violet colour, but with frothing and escape of 
nitrogen gas, and dissolves in potassa with a brown colour. 
If melted in potassa it yields alizarin, and can be obtained 
almost pure from diamid if dissolved in chloroform, in which 
it is far more soluble than in ether and acetic ether, whence 
the action of nitrous acid upon such a solution is far more 
energetic. The analyses of Boettger and Petersen agree 
with the formula 

fN NO ] 
C^u^ej^^NO^ ^25 Tetraazoanthraquinonnitrite. 

\ 3 2^ 
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The formation of both these azo-compounds would there- 
fore take place in accordance with the following formula : 

HN) 



C„H,(NH,),0. + 2NH0,=C, A 



^ 



,0,+2H,0, 



Diozimidoamidoanthra- 
quinon. 



C.,H,(NH^,0,+4NH0,=CuH,|g»5Jg«J0,+4HA 

Tetraazoanthraquinon- 
nitrite. 

The still more riolently explosive compoxind, which 
hitherto has been only obtained once^ is probably 

iN NO ) 
n!n'0* ^*' Tetraazoanthraquinonnitrate. 

Generally speaking, the nitrogenous derivatives of aro- 
matic bodies rich in carbon are far more manifold than 
those of such as are poor in the same element. 

a^^Dmzocmth/raquinonnitratey Ci^HyNaOgNOj. 

If a current of nitrous acid is passed into the solution 
of the monamid in ethylic ether, the solution is decolourised 
after some time, and there falls a powder, pale, red, or 
sxdphur yellow, of the composition above mentioned. The 
solution of the amid in acetic ether is gradually turned 
brown by nitrous acid without any precipitation. From the 
solution in chloroform is obtained a brown substance, not 
adapted for closer examination. 

This azo-compound dissolves sparingly in water with a 
reddish colour, which, in contact with caustic potassa, 
becomes immediately pale brown. It is much more soluble 
in alcohol and acetic ether; insoluble in ether. If heated 
with water, nitrogen gas is evolved in abundance, whilst 
yellow or brown flocks are deposited, and the liquid has an 
acid reaction due to free nitrous acid. The flocks, after 
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filtration and drying, sublime, when heated in shining flat 
needles or lamellae, lemon yellow or gold coloured, which 
display the reactions of oxyanthraquinon. The melting- 
point is about 202"^. The transformation of the diazo- 
compound into the hydroxylate ensues according to the 
equation 

Ci^HyNaOjNOj + H,0 = Cj^HyOaOH -h N^ + NHO, ; 

whilst the azotised product obtained from the diamid is only 
converted into alizarin on fusion with potassa. The azo- 
compound is moderately permanent, but it gradually gives 
off nitrous vapours, and, if heated, deflagrates slightly, 
leaving a carbonaceous residue. 

Methylanthraquinonj CjaHiQOj. 

This compound is obtained by the oxidation of methyl- 
anthracen in an alcoholic solution, and melts at 162°-163''. 

It dissolves with moderate readiness in ether, aceton, 
chloroform, and boiling alcohol ; sparingly in glacial acetic 
acid and benzol. From these solvents it separates in crystals 
or in minute yellow needles. If heated with zinc powder 
and soda lye it yields Liebermann's reaction for anthraquinon. 
If methylanthraquinon dissolved in sulphide of carbon is 
placed in a sealed tube with bromine and heated for some 
hours in the water-bath, the result is a finely crystallised 
bromine compound, which, if fused with caustic potassa at 
180^-200°, yields a dye resembling alizarin. It is best 
obtained from the sulpho-acid. For this purpose methyl- 
anthraquinon is heated with five or six parts of fuming 
sulphuric acid to 250^-270° for several hours ; the liquid, 
before it is quite cold, is poured into water and neutralised 
with carbonate of baryta or lime ; the sparingly soluble baryta 
or lime salts are repeatedly extracted with boiling water, 
and the sulphate of baryta or lime is removed by filtration. 

The solutions of the baryta or lime salts are decomposed 
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with carbonate of potash, and the filtered solution of the 
potash salt is evaporated to dryness. If the salt thus obtained 
is melted with excess of potassa at 200°, the mass soon 
displays the colour phenomena of an ordinary alizarin 
melt. Acids precipitate the colouring matter in yellowish- 
brown flocks. It is best purified by sublimation. It sub- 
limes when heated above 200° in red tufts, or it is repeatedly 
recrystallised from alcohol and aceton, and thus obtained 
pure. Methylalizarin dissolves in alkalis with a blue violet 
colour. With salts of lime and baryta, it forms blue pre- 
cipitates. The melting-point is from 250° to 252°. Methyl- 
alizarin dyes cotton mordanted with iron or alumina in 
shades closely resembling those produced by alizarin. Kundt, 
in his spectroscopic examinations, was unable to find any 
essential difference between methylalizarin and common 
alizarin. It is therefore for the present doubtful whether 
the methylalizarin did not contain an admixture of ordinary 
alizarin, which might easily occur during the fusion with 
potassa by abscission of the methyl group. 

Sulph-anthraquinomc Acids, 

These acids were first described by Graebe and Liebermann 
along with Caro, and were obtained by these chemists on 
heating anthraquinon with sulphuric acid to 260°. They 
observed subsequently that the sulphanthraquinonic acids 
can be directly prepared from anthracen by dissolving it in 
sulphuric acid, and treating the sulphanthracenic acid with 
oxidising agents such as chromate of potash, nitric acid, or 
manganese, whereby the sulphanthracenic acid is converted 
into the sulphanthraquinonic. According to Auerbach, sul- 
phanthraquinonic acid may also be obtained by heating 
anthracen with sulphuric acid to 212°, when SOj is given off, 
and the anthracen is oxidised to anthraquinonic acid. The 
two latter methods have, however, several disadvantages. 
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They require, in the first place, a very pure anthracen, since, 
if an impure quality is used, the impurities are also con- 
verted into sulpho-acids, which can scarcely be separated 
from the sulphanthraquinonic acid, and which, on further 
treatment and conversion into alizarin, contaminate this 
also. In the second place, isomeric sulpho-acids seem to be 
formed, which, when melted with alkali, do not yield alizarin. 
Thirdly, even if chemically pure anthracen is employed, the 
respective preparation of the blue and the red shades of 
alizarin is not under control, since a mixture of the two 
sulpho-acids is always produced, and no homogeneous acid 
can be obtained in this manner on the large scale. The 
only practical method for obtaining the sulpho-acids is the 
one first mentioned, with anthraquinon and sulphuric acid, 
preferably fuming. 

According to circumstances — i.e. the higher or lower 
temperature, the larger or smaller proportion of acid, there 
is formed the mono- or the bisulpho-compound. If 1 part 
of anthraquinon and 3 parts of concentrated sulphuric acid 
are heated to about 260° till all anthraquinon has disap- 
peared, and none consequently is separated on the addition 
of water to a portion taken out, we obtain a mixture of 
both acids. The one or the other predominates according 
as the heat has been applied for a longer or shorter time, 
and has reached a higher or lower degree. It has not yet 
been found practicable to show whether isomeric sulpho- 
acids are formed during the process. 

The preparation of the several acids on the small scale is 
somewhat diflB.cult. The mono-acid is found to predominate 
if anthraquinon is used in excess, and the mixture is heated 
to 250°-260°. The bi-acid is obtained on using sulphuric 
acid in excess and heating to 270°-280°. 

As both acids are but sparingly soluble in sulphuric acid, 
the mixture solidifies in both cases when the reaction is 
complete and it is allowed to cool. A considerable amount 
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of water and a prolonged digestion are required to redissolve 
the whole. It is therefore advisable to pour the mixture 
cautiously into water before it is quite cold. From this 
solution calcium, barium, and lead salts may be obtained by 
known methods. The barium salts, on account of their 
sparing solubility in water, are well adapted for the isolation 
of the acids in experiments on the small scale. For large 
quantities the lime salts are used for separation from the 
excess of sulphuric acid. 

Weith and Bindschadler obtained phthalic acid as a 
bye-product during the formation of the sulpho-acids. It 
was produced when anthraqninon, purified by recrystallisiEi- 
tion from sulphuric acid, was heated to 270** with 3 to 4 
parts of fuming sulphuric acid. 

In order to place the formation of phthalic acid beyond 
doubt, they made the experiment with chemically pure 
anthraqninon, perfectly free from phthalic acid. This was 
heated for six hours to 270** with 4 parts of fuming sulphuric 
acid. Sulphurous acid was given off, and there sublimed 
colourless needles, an inch in length, which, from their 
melting-point (129°) and other properties, were found to be 
anhydrous phthalic acid. They dissolved in hot solutions of 
carbonate of soda, and on addition of acid and agitation 
with ether pure phthalic acid was obtained, with its charac- 
teristic properties. Their amount was 8 to 9 per cent, of 
the anthraqninon employed. 

This formation shows that anthraqninon is a keton of 
phthalic acid, and the latter may have been formed accord- 
ing to the following equation : — 

CO OH CO-OH SO3H 

cX CeH, + 2Sa = CA +C,H, 

CO OH CO-OH SO,H 

Anthraqninon. Phthalic acid. Disulpho- 

benzolic acid* 
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Disulphobenzolic acid, or the dioxybenzol formed from it 

on melting — pyrocatechin according to Baeyer's researches 

should be found in the mother-liquors of alizarin. 

This formation of phthalic acid, however, only occurs if 
the preparation of the sulpho-acids is not properly conducted. 
Where the experiment is successful no phthalic acid appears. 

Monomlphanthraquinonic Acid, G^^{^0^)0^. 

The pure acid is obtained from the barium or lead salt by 
accurate precipitation with sulphuric acid and concentration 
of the solution, when it separates in the form of yellow 
leaflets. A small quantity of sulphuric acid present in the 
solution is not injurious, as it diminishes the solubility of 
the compound in water. In hot water it deliquesces; in 
cold it dissolves more sparingly, but still readily. From a 
saturated solution it is thrown down on the addition of 
sulphuric or hydrochloric acid. Its salts are somewhat 
sparingly soluble in water. 

Sodium Salty Ci4HyO,(SO,Na). 

It forms fine silvery leaflets, which dissolve in water with 
a yellow colour. In hot water it dissolves more freely, but 
sparingly in cold. 

100 parts water at 100° 0. dissolve 18*88 parts, 
100 „ „ 18^0. „ 6-69 „ 

of monosulphanthraquinonate of soda. 

Lime Salt, \G^^{0^)m;\j^fi,. 

It is much more soluble in water than the baryta salt 
but not much more plentifully at 100° C. than in the cold. 
It forms only indistinctly developed crystals. 

Bamfta Salt, \G^;B^{0^&0;\^b,. 
It forms indistinctly developed yellow crystals, which. 
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under the microscope, appear as tables. In cold water it is 
very sparingly soluble ; more freely, but still slightly, at a 
boil. The addition of hydrochloric acid diminishes the 
solubility. 

If the potassium or sodium salt of monosulphanthra- 
quinonic acid is heated with caustic potassa or soda, the 
colour, which is at first red, passes into violet. If the heat 
is strong enough and sufficiently prolonged, the aqueous 
solution has the characteristic properties of alizarate of 
potassa, and acids precipitate alizarin from the solution. If 
the heat is lower, and if less alkali is used, or if indifferent 
salts, e.g. elutriated chalk, be added, the resulting solution is 
rather red than violet, and acids cause the separation of 
oxyanthraquinon which wiU be described below. On careful 
melting, the two successive reactions may easily be observed. 
There is first formed monooxyanthraquinon, the hydroxyl 
compound corresponding to monosulphanthraquinonic acid. 
On ftirther fusion with potassa this is converted by its 
oxidising influence into bioxyanthraquinon — i.e. alizarin. 
The true reactions cannot, however, be sharply discriminated. 
The follovdng equations explain the process : — 

Ci4H,(03)S03K -h 2 KOH= C„Hy(02)0K + K^SO, + H,0, 

Ozyanthraqninon potassa. 

C,,H,(0,)OK + KOH= C„H8(0^ (OK), + H„ 

Alizarin potassa. 

Free hydrogen, however, does not seem to appear. It 
either exerts a reducing action upon the oxyanthraquinon or 
upon the sulpho-acid not yet attacked and forms anthra- 
quinon, which is offcen found in alizarin, or it reduces the 
alizarin to hydroalizarin, which then during fusion or during 
solution in water is reoxidised to alizarin by the oxygen of 
the air. 
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Bisulphanthraquinonic Acid, Ci4H5(02)(S03H)2. 

This acid is obtained like the above-described mono-acid, 
and separates out on evaporating the aqueous solution in 
yellow crystals much more soluble than those of monosulph- 
anthraquinonic acid. In sulphuric acid it is sparingly 
soluble, and the mixture of anthraquinon and sulphuric acid 
used in its preparation congeals therefore on cooling. Its 
salts also are more soluble than those of the mono-acid. 
The barytic salt is among the least soluble, whence, indepen- 
dently of the cost, it is more suitable to use the lime salt for 
separating the product from the excess of sulphuric acid. 
The salts in the solid state are light yellow, but a yellowish 
red when in aqueous solution. The solutions of the alkaline 
compounds are redder than those of the other metals. 

Bisulphanthraquinonic acid is formed also on heating 
bibrom- and bichlor-anthracen with sulphuric acid, which 
effects at once the formation of the sulpho-acid and the 
replacement of the atoms of bromine and chlorine of oxygen. 
At the same time there are formed bromiferous and chlori- 
ferous intermediate products, which have been subjected to 
a closer examination by Perkin. On treating bibrom- and 
bichlor-anthracen with sulphuric acid, sulpho-acids are formed 
even in the cold. Concerning these, Perkin has shown that 
they have the composition of bisulphobibromanthracenic 
acid, Ci4HgBr2(S03H)2, and of bisulphobichloranthracenic 
acid, Ci4HgC]2(S03H)2. These are converted by the action 
of sulphuric acid into bisulphanthraquinonic acid, the 
chlorine escaping as hydrochloric acid, and the bromine in 
the free state. The equations showing the formation of 
bisulphanthraquinonic acid are therefore best resolved into 
groups of two : — 

For bichloranthracen we have, 

C14H8CI2 + 2 SH2O4 = Ci4H,Cl2(S03H)2 -f 2 H2O. 

C,4HeCl2(S03H)2 + SH204=C,4He(02)(S03H)2 + 2 HCM SO2. 

H 
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The following equations correspond to bibromanthracen : 

Ci^HsBr^ + 2 SH304=Ci4HeBr2(S03H)2 + 2 H,0. 

Ci,HeBr,(S03H), + 2 SH A = CuHe(0,) (SO3H), + 2 Br + 
2SO2-I-2H2O. 

The bromine and chlorine compounds dissolve in cold 
sulphuric acid, at first with a splendid green colour, which 
in a few seconds becomes a fine magenta. Water, however, 
precipitates the bromine and chlorine compounds unchanged. 
On the application of heat the colour disappears, the bromine 
compound emits red vapours of bromine, the chlorine com- 
pound gives off fumes of hydrochloric acid, and the solution 
then contains bisulphoanthraquinonic acid. 

Another method for preparing bisulphoanthraquinonic 
acid sets out with first preparing bisulphoanthracenic acid, 
and subsequently oxidising. To obtain it by this method, 
1 part by weight of anthracen is heated for some hours to 
100° C. with 4 parts by weight of sulphuric acid of spec, 
grav. 1*848. The temperature is raised to 150**, and kept 
up for an hour. When cool it is diluted with 3 parts of 
water, and to 1 part of the anthracen used 2 to 3 parts of 
manganese are added, and the whole boiled for some time. 
To complete the process the mixture is concentrated or even 
evaporated to dryness. The sulphuric acid is neutralised 
with lime, an excess of which is used to precipitate the 
manganese, and carbonate of potassa or soda is added to the 
filtrate until all the lime is precipitated. In place of man- 
ganese other oxidising agents may be used, such as peroxide 
of lead, chromic acid, or nitric acid. If chromic acid is 
employed, the portion of it not reduced must be converted 
into chromic oxide before the addition of the lime by means 
of sulphurous acid. If nitric acid is used, the oxidising 
mixture is concentrated until the greatest part of the nitric 
acid is driven off. 
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C. Liebermann prepared disTilphantliraquinonic acid from 
)3-benzoyl-beiizoic acid. If the latter is heated for some 
time with sulphuric acid till water no longer produces a 
precipitate, it is converted into bisulphanthraquinonic acid. 
The reaction takes place according to the equations — 

C.,H,oO,-H,0=C„H,0,. 
Ci,HA+ 2 SH,0,=CuHe(SO,H) A + 2 H,0. 

The baryta salt, Ci4Hg(02)[S03]2Ba, is obtained from 
water in imperfectly developed yellow crystals, and dissolves 
sparingly in cold water, but rather more freely at a boil. 

The lead salt, Ci4H6(02)[S03]2Pb, forms, like the baryta 
salt, imperfectly developed yellow crystals, and dissolves 
slightly in cold but more freely in boiling water. 

Bisulphanthraquinonic acid, if heated with hydrate of 
potassa or soda, yields isopurpurin ; but here also an inter- 
mediate compound may be observed, and indeed much more 
easily than in the monosulphuric acid. At first only one of 
the residues of sulphuric acid is replaced by hydroxyl, and 
there is formed the potassium salt of a sulphoanthraquinonic 
acid: 

^»^^ SO K 0, + 2 K0H=C,4H, gQ^K°« + ^«^^3 + H,0. 

On further heating, the other residue of sulphuric acid is 
substituted ; but at the same time a hydrogen is replaced by 
a hydroxyl, forming a mixture of dihydroxylanthraquinon 
and isopurpurin. If the action of the hydrate of potassa is 
sufficiently prolonged, most of the dihydroxylanthraquinon is 
converted into isopurpurin, of which the final product chiefiy 
consists, with a mere admixture of dihydroxanthraquinon. 
Which of the three products hitherto found in isopurpurin — 
i.e. in alizarin for reds — namely, anthraflavic acid, isoanthra- 
flavic acid, anthraxanthic acid, is derived from the ordinary 
disulphanthraquinonic acid is not demonstrated with cer- 

H 2 
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tainty. It is certain, however, that none of these three 
compounds forms alizarin when heated with potassa. This 
property belongs solely to oxyanthraquinon, which, from its 
similarity to anthrafiavic acid, is often confounded with the 
latter. 

The successive' exchange of the sulphuric acid residues 
for hydroxyl is very well to be seen by the change of colour 
in the mass. If bisulphanthraquinonate of soda is gradually 
heated with caustic soda, the original red colour of the melt 
gradually passes into a deep blue. This blue colour is 
derived from the soda salt of sulphoxyanthraquinonic acid ; 
and the more this is converted into isopurpurin, the more 
this colour passes into a reddish violet. 

This is best observed by taking out proofs from time to 
time, and mixing them with a little water upon a white 
plate. If an acid is then added, it will be found that in the 
first stage, as long as the mass dissolves with a blue colour, 
sulphurous acid is evolved, but no precipitate appears. 
When the reaction is more advanced, and the blue colour is 
changed into a reddish- violet, yellowish-red flocks of isopur- 
purin are separated on the addition of an acid, whilst the 
evolution of sulphurous acid becomes more copious. This is 
easily explained by the fact that sulphoxyanthraquinonic 
acid is readily soluble in water. Whether during the fusion 
important quantities of thisi intermediate product are present 
in the mass along with isopurpurin may be ascertained as 
follows. A trial sample of the melt is taken out and mixed 
with sulphuric or hydrochloric acid, and shaken with ether. 
This dissolves the isopurpurin readily, but leaves the sulph- 
oxyanthraquinonic acid behind, which may then be recognised 
by the blue colour which it produces with alkalis. 

On melting the sulphanthraquinonic acids with alkali, 
along with the principal reaction just mentioned, there 
occurs to a small extent an exchange of the sulphuric acid 
residues with hydrogen. Hence anthraquiuon sublimes from 
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the mass. This retroformation of anthraquinoD from the 
sulpho-acids explains in a satisfactory manner the origin of 
benzoic acid, which is sometimes found in artificial alizarin. 

The melting alkali decomposes anthraquinon into benzoic 
acid as already stated. 

The exchange of sulphuric acid residues for hydrogen 
can be abundantly eflfected, if the sulphoanthraquinonic acids 
are heated with lime instead of caustic potassa. From the 
heated mass anthraquinon sublimes in large quantities. 

Anthraquinonmonocarbonic Acid^ Ci4Hy02CO OH. 

If methylanthracen is dissolved in glacial acetic acid and 
boiled with chromic acid, there is formed anthraquinonmono- 
carbonic acid. By recrystallisation from glacial acetic acid 
it is easily obtained pure as a yellow crystalline mass. It 
sublimes without residue in yellow crystalline needles, per- 
fectly resembling those of anthraquinon. Its melting-point 
is283^ 

It is very sparingly soluble in glacial acetic acid, me- 
thylic alcohol and absolute alcohol, and almost insoluble 
in hydrocarbons, such as petroleum, benzol, toluol, as well 
as in chloroform and ether, but readily soluble in aceton. 
Concentrated sulphuric acid dissolves it even in the cold, 
and very readily at a gentle heat, with a yellow colour. On 
the addition of water the solution is decolourised, with for- 
mation of a white flocculent precipitate. 

With zinc-powder and soda-lye, anthraquinoncarbonic acid 
yields the red colouration characteristic of anthraquinon. 

If heated with soda-lime to about 300% it passes into 
anthraquinon. The mass takes a violet colour, and yellow 
needles sublime in the anterior part of the tube, which after 
repeated sublimation have the constant melting-point 272- 
273®. The reaction takes places according to the equation : 

C.^HyO^CO OH + CaO = CaCOj + Ci^H^O^. 
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On fusion with caustic potassa, anthraquinoncarbonic 
acid exhibits changes of colour similar to those of ordinary 
anthraquinon. At 180-200'' the melt becomes a blue-violet, 
which passes first into red- violet and then into red. 

Oxycmthraquinony Ci4H7(HO)02. 

This compound was first observed by Glaser and Caro as 
a bye-product of the manufacture of alizarin, and was then 
more closely examined by Graebe aud Liebermann. On 
analysis it was found to contain an atom of oxygen less than 
alizarin. Its behaviour, as described below, and its origin 
place it beyond doubt that it is monohydroxylised anthra- 
quinon. As aheady stated, it is formed by melting monosulph- 
anthraquinonic acid with hydrate of potassa, as a direct 
product of the reaction, and only passes into alizarin on 
further heating. Since alizarin is formed from the sulph- 
anthraquinonate of soda, the presence of oxyanthraquinon 
in a product met with in trade as alizarin of a * blue * tone 
is intelligible, whilst in the kind known as yellowish or 
* scarlet' (isopurpurin) anthraflavic acid, a compound de- 
scribed below predominates. It is still possible that oxyan- 
thraquinon, under certain circumstances, may be formed 
from the bisulpho-compound, since, as has been shown above, 
there is produced by the action of the alkali along with 
alizarin, a small quantity of anthraquinon, and in conse- 
quence of a similar reaction there is formed from the bisul- 
pho-acid a monosulpho-compound which then passes into 
oxyanthraquinon. 

Oxyanthraquinon is also formed from monobromanthra- 
quinon, when melted with potassic hydrate at the lowest 
possible temperature. It has also been formed synthetically 
by Baeyer and Caro by the action of phthalic acid upon 
phenol. If phenol is gently heated with anhydrous phthalic 
acid and concentrated sulphuric acid, the liquid becomes 
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reddish yellow with formation of phenolphthalein, which, on 
addition of a sufficient quantity of sulphuric acid, passes into 
sulphophenolphthaleic acid. If a stronger heat is applied 
the colour disappears, and is succeeded, first, by a deep red, 
and then by a brownish yellow, which increases with the 
duration of the reaction and the height of the temperature. On 
the addition of water, flocks are deposited, yellow or brown, 
which, when washed, behave like monooxyanthraquinon. 
The formation of phthalein does not seem here essential, 
since phenol, if added to a mixture of phthalic acid and 
sulphuric acid at a sufficient heat, shows the same behaviour 
without any preliminary formation of phthalein. Since sul- 
phophenolic acid, disulphophenolic acid, and oxysulpho- 
benzid yield an analogous result, we may assume that 
phenolphthalein, when heated with sulphuric acid, is resolved 
into phthalic acid and a sulpho-acid of phenol, which bodies 
at higher temperatures gradually coalesce into oxyanthra- 
quinon, the sulpho-group being replaced by phthalic acid. 
These reactions are represented by the following equations : 

C^HAH- 2CeH,OH=C,oHj,0, f H,0. 
C2oHH04+4SO,H,=C,H,03+2CeH,SA + 3H,0. 

Anisol beliaves like phenol, the methyloxyl group being 
transformed into the hydroxyl group. Even anisic acid yields 
oxyanthraquinon with abscission of the carbonic acid and of 
the CHj group. Less remarkable is the origin of oxyanthra- 
quinon from salicylic acid, which, when heated with sulphuric 
acid, is readily resolved into phenol and carbonic acid. If 
small quantities are used, the reaction is more perfect even 
than with phenol. 

It is therefore possible to prepare anthraquinon derivatives 
from the three isomeric oxybenzoic acids ; only in case of sali- 
cylic acid and paraoxybenzoic acid, phthalic acid must also be 
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present, whilst, according to Barth, oxybenzoic acid yields 
anthraflavon even singly. 

C,H,0, + C,H,03 = C„H,03 + H,0, 

Salicylic acid. Oxyanthraquinon. 

Paraoxybenzoic acid. 

2C,H,0, = C„H,0, + 2H,0, 

Oxybenzoic acid. Anthraflavon. 

The oxyanthraquinon obtained jGrom phenol is no homo- 
geneous body, but consists of two compounds, whibh occur 
in fluctuating proportions. This is at once recognised by 
its behaviour with baryta water and dilute ammonia. One 
portion dissolves readily in these liquids virith a reddish- 
yellow colour, whilst the other forms with baryta water a 
deep-red lake, and is almost insoluble in ammonia. The 
first substance is the well-known monoxyanthraquinon ; the 
second is a new acid compound which Baeyer and Caro name 
erythroxyanthraquinon. 

To prepare oxyanthraquinon from the mixture of these 
two isomers, the crude substance is first repeatedly extracted 
with boiling dilute ammonia ; the deep-red filtrate is mixed 
with hydrochloric acid, and the yellow precipitate, after 
washing, is several times boiled with carbonate of baryta 
and with water. The deep reddish-yellow filtrate, on stand- 
ing protected from the air, deposits yellow needles consist- 
ing chiefly of erythroxyanthraquinon. The filtrate, when 
mixed with hydrochloric acid, yields a yellow gelatinous 
precipitate, which, when boiled, becomes more compact, and 
which, when recrystallised from alcohol, yields needles and 
leaflets of a pure sulphur yellow colour, which agree in all 
respects with those of oxyanthraquinon. 

In order to obtain oxyanthraquinon in large quantities, it 
is advisable to melt the monosulphanthraquinonate of soda 
with two or three parts of caustic soda, and three or four 



Digitized by 



Google 



PROPERTIES OP OXYANTHRAQUINON. 105 

parts of water, at a low temperature. The melt soon takes 
a yellowish red colour, and on the addition of an acid gives a 
yellow or orange precipitate, consisting of oxyanthraquinon 
mixed with a little alizarin. If less alkali and more water 
be taken, a yellowish-red solution is still obtained, which on 
the addition of acid deposits a gi'ass-green precipitate which 
dyes silk and wool direct of a green shade, and consists pro- 
bably of hydroxyanthraquinon. 

In order to separate the oxyanthraquinon from the ac- 
companying alizarin, the mixture is best boiled with car- 
bonate of Ume, baryta, or lead, when soluble salts of oxy- 
anthraquinon and insoluble alizarin salts are formed. The 
mixture is filtered, and oxyanthraquinon is separated from 
the filtrate by the aid of acids. To obtain it pure these 
operations are repeated several times, and the substance is 
then sublimed or recrystallised from alcohol. On sublima- 
tion it is obtained in beautiful lemon or orange-coloured 
crystals. From alcohol or ether it crystallises in fine yellow 
needles. 

This method of separation is not, however, quite accurate, 
since, on the one hand, oxyanthraquinon-calcium is not very 
soluble in water, and alizarin-calcium is not quite insoluble. 
Hence on extracting the lime-salts in boiling water a cer- 
tain quantity of alizarin-calcium passes into solution. 
Willgerodt, therefore, makes use of another method which, 
according to his statement, can be used as an approximate 
quantitative separation of the two bodies. He dissolves the 
mixture of alizarin and oxyanthraquinon, after the acids, 
salts, and anthraquinon have been removed by well-kno>vn 
methods, in hydrate of potassa dissolved in water and exactly 
calculated for the quantity employed, so that a perfectly 
neutral alizarate may be formed. He evaporates to drjmess 
in the water-bath, and repeatedly extracts the finely pul- 
verised residue with alcohol, until the solution, at first blood- 
red, takes a brownish-violet colour. The extracts are poured 
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together and evaporated to dryness, the residue again dis- 
solved in water, when, on the addition of an acid, oxyanthra- 
quinon separates as a straw-coloured gelatinous precipitate. 
The portion insoluble in alcohol is pure alizarin. The oxy- 
anthraquinon thus obtained may be recrystallised from 
glacial acetic acid. It is insoluble in boiling alum-water, 
and sparingly soluble in boiling water. 

This method presupposes an analysis of the mixture of 
alizarin and oxyanthraquinon, as it would be otherwise im- 
possible to calculate the exact weight of hydrate of potassa 
to be employed. 

Oxyanthraquinon is scarcely soluble in cold, and sparingly 
in boiling water; somewhat readily in alcohol and ether. 
With bases and carbonates it behaves like alizarin ; but it 
has only one atom of hydrogen capable of being replaced by 
metals. Its salts are soluble in water with a yellowish-red 
colour. With concentrated sulphuric acid there is formed 
at low temperatures a brownish-red solution, from which 
oxyanthraquinon is reprecipitated unchanged on the addition 
of water. If the solution in sulphuric acid is heated more 
strongly until a precipitate no longer appears on the addition 
of water, a sulpho-compound is formed, not, however, iden- 
tical with the ordinary sulphoxyanthraquinonic acid, but 
soluble in alkalis with a red-yellow colour. From boiling 
glacial acetic acid, oxyanthraquinon crystallises in long 
yellow needles. It does not dye mordanted cotton, and its 
melting-point is 323°. 

The above-mentioned transition into alizarin is a charac- 
teristic of oxyanthraquinon. If heated with zinc powder it 
yields anthracen. 

The baryta salt, [Ci4H7(02)0]2Ba, separates from the 
hot saturated aqueous solution in yellow microscopic needles. 
It is not very freely soluble in water, but more readily when 
hot than when cold ; it is insoluble in alcohol. The barytic 
salt of oxyanthraquinon cannot be obtained by concentration. 
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If we attempt to remove tlie excess of baryta from its solution 
in baryta water by means of carbonic acid, the reddish-yellow 
solution is completely decolourised, the salt being decom- 
posed into carbonate of baryta and free oxyanthraquinon. 
The yellow precipitate which contains both substances yields, 
on boiling with water, a red solution of oxyanthraquinon 
barium, since the oxyanthraquinon with the aid of heat 
expels the carbonic acid of the BaCO,. In the same manner 
it decomposes marble. 

When a boiling concentrated solution of oxyanthraquinon 
in hydrate of baryta is allowed to cool, a light- red crystalline 
barytic salt is deposited. Oxyanthraquinon forms with cold 
concentrated baryta water a perfectly clear solution, but 
after a few minutes it separates almost completely as a red 
barytic salt. This compound is probably a basic salt of mon- 
oxyanthraquinon. If we attempt to wash it, it chiefly dissolves, 
and the washing water has a strongly alkaline reaction. 

If mixed with alizarin, it communicates a red colour to 
the alkaliue solution of the latter, whence it was formerly 
believed that alizarin contained purpurin, which has not yet 
been found in natural alizarin. 

Oxyacetylanthrdquinorij G^^H^r^^^ tt r\ 

is obtained by heating oxyanthraquinon to 160° with anhy- 
drous acetic acid. On recrystallisafcion from alcohol it forms 
small felted yellow needles. With alcoholic potassa it 
remains, in the cold, colourless. If heated together, the 
abscission of the acetyl group can be very accurately traced, 
as the solution very soon assumes, with increasing intensity, 
the reddish-yeUow colour of oxyanthraquinon potassium. 
Ultimately pure oxyanthraquinon can be precipitated by 
acids, 

Erythrozyanthraquinony Cj^HgOj. 

As was mentioned in speaking of oxyanthraquinon, there 



Digitized by 



Google 



108 



ANTHKACEN. 



are formed by the reaction of phthalic acid and phenol two 
isomeric bodies — oxyanthraqninon and erythroxyanthra- 
quinon. The latter is ahnost insoluble in dilute ammonia, 
and remains therefore undissolved on the treatment of the 
crude product of the action of phenol upon phthalic acid. 
To obtain it in a state of purity, the portion insoluble in 
ammonia is dissolved in hot alcohol and mixed with baryta 
water. The deep-red precipitate formed is washed and 
decomposed with hydrochloric acid, and the yellow preci- 
pitate is recrystaUised from boiling alcohol. On cooling, the 
entire liquid is filled with yellowish-red dendritically en- 
tangled needles, which, when dry, assume a beautiful reddish- 
golden lustre. 

The properties of the two oxyanthraquinons differ de- 
cidedly from each other in many respects, as will appear 
from the followiDg tabular comparison : — 

Eiythroxanthraquinon, 
Crystallises from alcohol in agglo- 



merated orange needles, more readily 
soluble in hot than in cold alcohol. 

Melts at 173°-180° C; begins to 
sublime at 150^ ; and condenses in 
long orange needles of the shade of 
sublimed alizarin. If suddenly heated 
in a test-tube the vapour is deposited 
in oily drops. 

. Easily soluble in dilute potash-lye 
with a reddish-yellow colour. 

Almost insoluble in dilute ammonia; 
very sparingly soluble in concentrated 
ammonia, with a reddish colour. 

Yields with baryta and lime-water 
a deep-red lake ; almost insoluble in 
water, decomposable by carbonic acid, 
and does not decompose carbonate of 
baryta on boiling in water. 

Forms no coloured compound with 
alumina. 

Soluble in alcohol and ether with a 
yellow, and in concentrated sulphuric 
acid with an orange colour. 



Crystallises from alcohol in single 
needles or leaflets of a pure sulphur 
yellow ; not much more readily soluble 
in hottlian in cold alcohol. 

Melts at 268*^-271® (according to 
Willgerodt, 3230), and sublimes at a 
higher heat in yellow leaflets, as also, if 
suddenly heated, in a test-tube. 



The same. 

Easily soluble in ammonia with a 
reddish-yellow colour. 

Eeadily soluble with a reddish- 
yellow colour in baryta and lime-water ; 
dissolves carbonate of baryta if boiled 
in water. 

The same. 

The same. 
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The absorption spectrum of the al- No band in the absorption spectrum 

kaline solation offers nothing remark- of either the alkaline or the sulphuric 

able ; but there is a band in the si4- solution, 
phuric solution. 

Professor Kundt has compared the optical properties of 
the two compounds, and gives the following report on the 
behaviour of their solutions in concentrated sulphuric 
acid :— 

Steinheil's Spectrum Apparatus; soda line at 172®. 

Erythroxanthraquinon, Oxyanthraquinon. 

(Medium Concentration.) (Medium Concentration.) 

The blue part of the spectrum quite Blue part of the spectrum quite 

absorbed. Boundary of the absorption absorbed. Boundary of the absorption 

somewhat sharp at 192^; then a dim at 180^ not so sharply defined. No 

but distinct absorption band in the band can be seen, 
green at 185°. 

(Very weak Concentration.) (Very weak Concentration.) 

Blue not entirely absorbed ; the The extreme blue part of the spec- 

maximum absorption about 120°. tram not absorbed ; maximum absorp- 

tion about 120*^. 

Erythroxyanthraquinon is therefore readily distinguished 
from oxyanthraquinon, which it otherwise much resembles, 
by the presence of an absorption band in its solution in 
sulphuric acid. 

Erythroxanthraquinon, by the formation of baryta and 
lime salts, approximates much more closely to alizarin than 
does oxyanthraquinon. The position of the hydroxy Is, how- 
ever, in both corresponds to the position of each hydroxyl 
in alizarin. On melting with alkali, erythroxyanthraquinon 
yields alizarin, but it fuses less easily. The resulting ali- 
zarins are identical in their optical behaviour. 



Sulphoxyanthraquinonic Acid, Ci4He(02)(OH)(S03H). 

The formation of this acid was mentioned when treating 
of bisulphanthraquinonic acid. To obtain it we proceed as 
follows : — Bisulphanthraquinonic acid is heated till the blue 
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colour begins to pass into violet, some alizarin being there- 
fore already formed. It is then dissolved in water, super- 
saturated with hydrochloric acid, and the filtrate is preci- 
pitated with barium chloride. If the solution is strongly 
acid and not too dilute, a yellow barytic salt is at once 
deposited; if this solution does not appear, the solution 
must be concentrated by evaporation. The salt thus obtained 
is repeatedly recrystallised from water. In this manner it 
is only obtained pure when the melt no longer contains any 
decided amount of bisulphanthraquinonic acid, from which 
it is not readily separable. Prom the baryta salt the acid is 
liberated by sulphuric acid, and obtained by concentrating 
the solution in yellow crystals very readily soluble in water 
and alcohol, but not in ether. 

Oxyanthraquinonic acid forms two series of acids. If 
dissolved in hydrate of potassa, both the hydrogen atom of 
the sulphuric acid residue and that of the hydroxyl is re- 
placed by potassium, and there is formed the neutral salt, 

OK 

014115(02) QQ -g-, soluble in water with a blue colour. If 

hydrochloric acid is added, the solution becomes a yellowish 

OH 
red, and the acid salt Ci4Hg(0j)gQ -g- is formed. In pre- 
sence of an excess of hydrochloric acid the solution takes a 
yellow colour. 

If the solution of the free acid, or that of the potash salt 
acidulated with hydrochloric acid, be mixed with barium 
chloride, we obtain the above-mentioned acid barytic salt, 
[Ci4H6(02)(OH)S03]aBa. It dissolves easily in boiKng 
water, less readily in cold, and still more sparingly in dilute 
hydrochloric acid. The aqueous solution is orange, but 
turns yellow on the addition of hydrochloric acid. If to the 
aqueous solution of the salt baryta water is added, a blue 
compound is deposited, insoluble in water, and consisting of 

the neutral barytic salt, Ci4Hg(0a)gQ Ba. 
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Hydrochloric acid withdraws the half of the barium from 
this salt, and the acid salt already described is formed. 

The lime salt is similar to the baryta salt. If the aqueous 
solution of the sulphoxyanthraquinonic acid is mixed with 
chloride of calcium, there is formed a yellow precipitate 
which dissolves yery readily in hot water, and is the acid 
salt [Ci,He(0j)(0H)S03]aCa. On slowly cooling it is de- 
posited from the hot solution in microscopic crystals. If the 
aqueous solution of the acid is mixed with hydrate of lime, 

there is formed the neutral lime salt, Ci4Hg(02)gQ jCa. 

With sulphate of magnesia, sulphoxyanthraquinonic acid 
forms an orange flocculent precipitate, which becomes violet 
blue on the addition of magnesia. 

With acetate of lead the acid yields a violet precipitate, 
which turns yellow on addition of acetic acid and dissolves 
sparingly in water. 

With ferric chloride there is formed a black-brown pre- 
cipitate, probably [Ci4Hg02gQ 1 Fe^, which turns yellow on 

the addition of hydrochloric acid, and may then be the acid 
salt of iron, [C,4H6(OH)OjS03]2Fe. The latter dissolves in 
water with a greenish-brown colour. 

Silver nitrate gives a precipitate easily soluble in hot 
water. If the solution is mixed with recently precipitated 
silver oxide, the original yellow precipitate becomes reddish 
violet. If the liquid in which this latter precipitate is sus- 
pended is then heated to a boil, the liquid becomes a deep 
brown; the silver oxide is reduced and deposited as a 
metallic mirror upon the sides of the vessel. 

If sulphoxyanthraquinonic acid is boiled with concen- 
trated nitric acid, it dissolves, and red vapours escape. If 
the solution is then evaporated in the water, fine yellow 
foliaceous crystals are deposited. These are easily soluble 
in water and alcoholj deflagrate^ if heated upon pl3.tinum 
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foil, witli great violepce, and dye wool and silk a pure yellow 
without the greenish tone of picric acid. If the dyed tissue 
is heated with soap-lye the yellow colour disappears, but 
returns on immersion in acidulated water. The composition 
of this compound has not been ascertained, but we may 
infer fi'om its highly explosive nature that it does not contain 
the sulphuric acid residue. 

Sulphoxyanthraquinonic acid yields isopurpurin (flavo- 
purpurin P) on fusion with hydrate of potassa. 

AKza/rin, Ci^Hg(02)''(OH)2. 

The earliest chemical researches on the madder root are 
due to Watt, Buchholz, Hausmann, Kuhlmann, &c. These 
investigations related to the properties of the aqueous 
extract used in dyeing, its behaviour with mordants, and 
the formation of lakes, and did not lead to the isolation of 
the colouring matter and its preparation in a state of purity. 
This was first effected in 1826 by Colin and Eobiquet. 
These chemists obtained both alizarin and purpurin, the 
former in a state of purity. The name alizarin was taken 
from alizariy the commercial term for madder roots imported 
from the Levant. Prom that time this colouring matter, 
which was named * matiere colorante rouge ' by Gaultier de 
Claubry and Persoz, * madder red' by Eunge, and * lizaric acid ' 
by Debus, has been the subject of many and important inves- 
tigations. Independently of technological experiments, there 
were two main problems which chemists attempted to solve. 
The first was the determination of the formula and compo- 
sition of alizarin, and the second was the question as to 
whether it existed as such in the root or not. 

As to the former point, it has given rise to a lengthy 
series of dissertations, and has only received a definite 
answer quite recently. It may at the first glance appear 
strange that the percentage composition of a body consume^ 
every year in large quantities should not be known with 
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certainty. It becomes, however, quite intelligible if we 
reflect in what state alizarin was offered for sale. Even the 
best samples a few years ago contained only a small per- 
centage of the colouring matter, and the separation of alizarin 
from its constant companion, purpurin, was attended with 
great difficulties. Pure alizarin, notwithstanding its enor- 
mous consumption, remained a chemical curiosity. 

Robiquet was the first who analysed alizarin and obtained 
numbers which agree with the formula C^^'Rfi^y as now 
received if calculated on the correct atomic weight of carbon. 
Since, however, the equivalent of carbon was at that time 
assumed too high, he arrived at the formula C^rEL^fi^Q (C=6 
and = 8). Schiel in 1846 gave the formula of alizarin as 
C28H9O4, and Debus in 1848 made it CgoHj^Og. Schunck, 
who at the same time analysed both alizarin itself and some 
of its metallic compounds, adopted the formula C14H5O4, 
although his results agree better with O14H4O4 (C=6 and 
= 8). He observed at the same time that there is formed 
by the oxidation of alizarin an acid which he named alizaric 
acid, and to which he ascribed the formula C14H5O7. Shortly 
afterwards, in 1 849, Gerhardt drew attention to the similarity 
between alizaric and phthalic acid, CgHe04, and pronounced 
the two identical, on the ground of certain qualitative expe- 
riments. This view was afterwards confirmed by the analyses 
and comparisons of Wolff and Strecker. They thus arrived 
at the conclusion that alizarin and chloroxynaphthalic acid^^ 
C1QH5CIO3, which likewise yields phthalic acid on oxidation, 
are closely related, and they pointed out the great similarity 
of the two in their physical propei^ties. In consequence of 
this view they assigned to alizarin the formula CjoHgOg, with 
which a part of the analyses of Debus and Schunck agree 
tolerably, and they considered chloroxynaphthalic acid as 
monochloralizarin. This formula of Wolff and Strecker met 
with very general acceptance, although Schunck subsequently 
came forward in defence of his own formula. 

I 
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Latterly, Schiitzenberger and Paraf, relying upon their 
examination of a compound of ammonia and alizarin, pro- 
posed to double the formula, and assume it as CgoHj^Og. In 
favour of this assumption Schiitzenberger brought forward 
the ethyl, methyl, and acetyl derivatives. Bally and Eosa 
proposed the formula G^oS^fi^^ which, however, must be at 
once rejected on account of the uneven number of the atoms 
of hydrogen. The first who arrived at the correct formula 
for alizarin on the basis of closely agreeing analyses was 
Strecker. He proposed the formula Ci4Hg04, and this was 
confirmed by the reduction of alizarin to anthracen, effected 
by Graebe and Liebermann. The latter chemists did not 
admit the duplication of the hydrogen of Schunck's formula, 
because they assumed the fundamental position that alizarin 
contains two atoms of oxygen in the form of the group Oj'', 
so characteristic of the quinons, and, therefore, two atoms of 
hydrogen less than anthraquinon. The analyses of sublimed 
alizarin further agreed well with the formula Cj^HgO^, whilst 
they all contained too little hydrogen for Schunck's formula. 

Supported by the resemblance between alizarin on the 

(o y 

one hand and chloranilic acid, C^Gl^B /qttx and chloroxy- 

naphthalinic acid, CioH^Cl /q|t\> on the other, and by the 

proof which they had furnished, that the two latter com- 
pounds are to be regarded as quinon derivatives, Graebe and 
Liebermann were led to the view that alizarin must be re- 
garded as bioxyanthraquinon, C-uHe/OB"! * ^^^ artificial 
preparation of alizarin by the introduction of two hydroxyls 
into anthraquinon, effected by these chemists, has confirmed 
the accuracy of their hypothesis. 

As to the second question above mentioned, Zenneck, in 
1828, was the first who conjectured that alizarin was present 
in madder in combination with sugar, or some other sub- 
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stance. In 1837, Decaisne was led by his microscopic 
researches to the view that alizarin was not present as such 
in recent madder-root, but was gradually formed on exposure 
to the air from a more soluble substance, and, as he assumed, 
by oxidation. In 1847, Schunck isolated from madder-root a 
compound which he named rubian, and which is resolved by 
acids into sugar and alizarin. At the same time, Higgins 
also conjectured that the formation of alizarin in extracts of 
madder was occasioned by a ferment. The glucoside of 
alizarin was first obtained in a state of purity by Rochleder, 
and named ruberythric acid. It is, as appears from the de- 
scription and analysis, identical with the compound subse- 
quently described by Schunck as rubianic acid. Rochleder at 
first proposed for his rubianic acid the formula CggH^^OaQ 
(C = 6 and 0=8), and subsequently CggHgjOgi, or C^jB^^O^y 
Schunck, on the other hand, gave to rubianic acid the formula 
^52^48^27' Gerhardt proposed for the glucoside of alizarin 
the formula CigHjgOgH- aq., and for alizarin, as above stated, 
CjoHgOj. He based this formula upon the following equa- 
tion: 

C,6H,gO« + H^O = CioHe03 + CgHj^Og, 

Rubian. Alizarin. Sugar. 

Now since the formula of alizarin has been definitely 
fixed at Ci4Hg04, Graebe and Liebermann propose for ru- 
berythric acid the formula C26II28O14, and explain the forma- 
tion of alizarin and sugar by the following equation : 

C,eH,,0,4 + 2H,0=C„H,0, + 2(CeH.,Oe), 

Ruberythric acid. Alizarin. Sugar. 

According to Gerhardt, however, only one equivalent of 
sugar is formed; whence the formula of ruberythric acid 
would be C20H18O9, and the formation of alizarin would be in 
accordance with the following equation : 

Ruberythric acid. Alizarin. Sugar. 

I 2 
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Graebe and Liebermann's formula, however, is much 
more probable, as it refers this acid to the class of the 
quinons, and gives explanation of the transformation of 
alizarin and sugar. If the formula is therefore taken as 
C2gH2gOi4, we have the equation : 

^^lisl^a) |0-CeHs(0ff)5 + H0H~ 
CuHe(0,)"jgg+2C,H,(0HV 

The analyses of Eochleder and Schunck agree with this 
latter formula as completely as can be expected in case of 
a compound so difficult to obtain in a state of purity, 

Kochleder Schunck, 

average 

C,g. . 312 56-32 64-54 64-83 



Calculated 


312 


56-32 


28 


4-98 


224 


39-70 



Hag. . 28 4-98 6-16 6-55 

564 100-00 

In 1860, E. Kopp made an important discovery concern- 
ing this glucoside ; he observed, namely, that it is more per- 
manent as regards sulphurous acid than the glucoside of 
purpurin. The latter, when heated with sulphurous acid, is 
decomposed at 50-60° C. into purpurin and sugar, whilst ru- 
berythric acid is not split up into alizarin and sugar below 
100° C. Upon this difiference in behaviour Kopp founded 
his process for the separation of purpurin and alizarin. 

The constitution of alizarin has been already considered, 
and we have seen that it is to be regarded as a quinonic 
acid, bioxyanthraquinon. This assumption is supported by 
its physical properties, its behaviour with reducing agents, 
which convert it into a compound containing two more 
atoms, its reduction by zinc powder, the possibility of re- 
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placing two atoms of hydrogen by metals and radicals, and, 
above all, by its formation from antbraquinon. 

The madder-plant, which was tiU the last few years the 
only source of alizarin, has been known in the Levant from 
the earliest days, and was introduced from there through 
Greece and Italy into the South of France, and then into 
Alsace, Holland, and Germany. In Holland it has been 
cidtivated for more than three hundred years, and it is said 
to have been introduced into Silesia by Hiiller in 1507. In 
France it has been chiefly cultivated since 1766, when Jean 
Althen, an Armenian, settled at Avignon, and introduced its 
cultivation there. Avignon^ has remained the centre of the 
trade, and furnishes about one-half the entire growth of 
madder, whilst all other places make up the remaining half. 

A tabular view of the madder exported from Avignon in 
the years 1860-1870 will show the importance of this article 
of trade. 

The cultivation has suffered considerably in the last few 
years, in consequence of the introduction of artificial 
alizarin. 



1860-1861 . 
1861-1862. 
1862-1863. 
1863-1864. 
1864-1865 . 
1865-1866 . 
1866-1867 . 
1867-1868 . 
1868-1869. 
1869-1870. 



. 26,000,000 kilos. ^ 

. 27,000,000 „ 

. 27,400,000 „ 

. 26 000,000 „ 

. 24,000,000 „ 

. 26,500,000 „ 

. 18,000,000 „ 

. 19,500,000 „ 

. 17,760,000 „ 

. 16,000,000 „ 

228,160,000 kilos. J 



Yearly average, 
22,816,000 kilos. 

Average price, 
60 kilos., 41 frs. 



Madder belongs to the natural family of the Rvhiacece^ to 
which it has given the name. Fifty-three species are recog- 
nised, of which three only have been put to industrial uses 
and have been accurately investigated. These are Bubia 
tinctorum in Southern, Western, and Central Europe; B. 
peregrina in the Levant ; and B. mungista (munjeet) in India 
(Nepaul, Bengal), and in Japan. 
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Madder is a perennial plant with a quadrangular stem, 
small leaves, small greenish flowers, and strong, abundant 
roots, containing the colouring matter, which is almost 
absent in other parts of the plant. It succeeds best in a 
light sandy soiL The old roots are richer in colour than the 
young ones. The plant is generally allowed to grow for 
three years in Europe. In the Levant it is left in the ground 
for six years. The herb, whether fresh or dry, is a good 
cattle-food, and is cut for this purpose in the second year at 
the time of flowering. 

The fresh root is from a foot to two feet long and about 
the thickness of the little finger ; the nucleus is yellow, but 
the outer layer incliiies more to red. After gathering, the 
roots are washed and dried, which is best effected in artifi- 
cially heated drying-chambers, since a prolongation of the 
process in the open air easily produces putrefaction. When 
dry, they are freed by beating from the skin which adheres 
loosely, then ground and sent to market as powder. The 
principal kinds are the Dutch, the Alsatian, the Proven9al or 
Avignon, and the Silesian. 

As regards the predominating mineral constituents, the 
madders of commerce may be divided into calcareous {Pro- 
ven9al), and siliceous (Alsatian and Butch). The ash of 
dried Avignon madder was determined by Bonvier as 12*6 
per cent., by Schiitzenberger as 13*6. Chevreul found 9*8 
in dried alizari, and in dried Alsatian madder 9'5-12-13'6 
per cent. Very remarkable is Bouvier's statement, that half 
the ash consists of soluble soda-salts, and principally (6*98 
per cent.) of carbonate of soda. More probable is the obser- 
vation of Schiitzenberger, who found only 3 per cent, of soluble 
salts, principally chloride of potassium and a little carbonate 
of potassa. In Avignon madder there is a not inconsiderable 
quantity of lime, much of which is present as carbonate. 

As above remarked, alizarin is not present in madder as 
such, but is formed by the splitting up of a glucoside of 
ruberythric acid. 
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The first decisive data bearing upon this supposition were 
brought forward by Higgin. On steeping madder in water 
at an ordinary temperature, he obtained a yellow liquid of a 
sweetish-bitter taste, which after standing for some hours 
lost its bitterness, deposited reddish-brown flocks, and became 
gelatinous. The liquid thus obtained dyed cotton reddish 
without any yellow tone, whilst the recent extract gave a 
yellow shade. He ascribed this phenomenon to the action of 
a ferment present in the madder-root upon a body which 
Kuhlmann had discovered in madder, and had named xanthin, 
and which is possibly the same as Eunge's madder-yellow. 

Xanthin, however, has not been accurately enough ex- 
amined by any of the chemists, who have recognised it as an 
immediate principle of madder, in order to decide on its 
identity with madder-yellow. 

According to Kuhlmann, xanthin is prepared by extract- 
ing madder with boiling alcohol, evaporation to dryness, re- 
solution in cold water, precipitation of certain impurities 
with acetate of lead, filtration, addition of baryta water, col- 
lection of the barytic xanthate upon a filter, decomposition 
with sulphuric acid, removal of the excess of acid by baryta 
water, evaporation to dryness, and solution in alcohol. 

According to Higgin, the madder is extracted with boil- 
ing water, certain substances not soluble in acid liquids are 
precipitated by sulphuric acid, the filtrate is neutralised with 
carbonate of soda, and digested at 55° C. with freshly preci- 
pitated hydrate of alumina in order to remove certain colour- 
ing matters ; the solution is again filtered, mixed with baryta 
water to remove sulphuric and phosphoric acids, and the 
xanthin is then precipitated with solution of sugar of lead. 
The washed precipitate is decomposed with sulphuretted 
hydrogen, certain adhering substances are removed firom the 
lead sulphide with cold water, the xanthin is then extracted 
with hot water, evaporated to dryness, and then redissolved 
in alcohol. 
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According to Kuhlmann, xanthin is a bright orange 
yellow and dyes mordanted cotton an orange shade ; accord- 
ing to Higgin, it is a deep bnt pure yellow and does not dye. 
The former chemist ascribes to it a sweetish bitter, and the 
latter a pure bitter taste. It is soluble in alcohol and water, 
but insoluble in ether. It is decomposed on boiling with 
dilute hydrochloric or sulphuric acid, whilst a greenish in- 
soluble body is separated. 

From that part of the aqueous extract of madder which 
is not precipitated by acids, Schunck also obtained a body 
which he considered identical with Kuhlmann's xanthin, but 
as impure. 

Whilst Higgin regards his xanthin as the substance from 
which the colouring matters are formed, Schunck found that 
its recent and boiling solution dyed mordanted tissues yellow, 
but after prolonged exposure to air and light a deep brown. 
Hence it is totally injurious in madder dyeing. Schunck 
considers, therefore, that Higgin's xanthin is not a pure sub- 
stance, but a mixture consisting of a body for which he 
retains the name xanthin, but which, to prevent confusion, is 
better named ohlorogenin, and of a new compound which he 
calls rubian. 

For obtaining the latter in a state of purity Schunck 
proceeds as follows : — A certain quantity of madder is ex- 
tracted upon a strainer by treatment with about eight parts 
of hot water; to the dark yellowish-brown liquid, while 
still hot, animal charcoal is added to the extent of -j^g th the 
weight of the madder. If more charcoal is used, the rubian 
is not easily extracted by alcohol. It is well stirred ; the 
animal charcoal is allowed to settle ; the brown liquid is 
run ofif, and the charcoal is washed upon a strainer or filter 
with cold water until the washings or admixture with 
hydrochloric acid on boiling no longer take a green 
colour. The charcoal is then treated with boiling alcohol, 
filtered at a boil, and the process repeated till the residue 
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no longer colours alcohol yellow. The rubian obtained on 
the evaporation of the alcohol is not yet pure, since it 
forms a green powder on boiling with hydrochloric or sul- 
phuric acid, and consequently still contains chlorogenin. 
But if again treated with the animal charcoal already used, 
it is obtained free from chlorogenin, or at most it requires 
a third treatment with the same portion of animal charcoal. 
Freshly ignited animal charcoal, brought in contact with 
a mixture of rubian and chlorogenin, takes up both these 
bodies ; but if it has been already used it merely absorbs 
the former, or it gives up merely rubian to alcohol. When 
a portion of the alcohol with which the bone-black has been 
treated no longer turns green when boiled with acids, but 
remains a pure yellow, the alcohol is removed by distillation 
or evaporation. Hereby there is formed a small quantity 
of a dark brown flocculent matter, which is removed by 
filtration. The liquid then, besides rubian, contains only 
a small amount of another substance — a product of decom- 
position, possibly produced by too strong heating, and 
which is removed as follows. Acetate of lead is first added 
to the solution ; the brown-red flocculent deposit is removed 
by filtration ; from the filtrate rubian is precipitated by 
basic acetate of lead ; the plumbic compound is washed with 
alcohol, and decomposed with sulphuric acid or sulphuretted 
hydrogen. Or the solution is freed by evaporation from a 
great part of its alcohol, allowed to cool, and mixed with a 
little sulphuric acid, when the impurities separate in brown 
resinous drops, which are easily removed. The sulphuric 
acid is then saturated with carbonate of baryta, filtered, and 
the filtrate concentrated in the water-bath. 

Bubian forms a hard, dry brittle, shining, perfectly 
amorphous mass, resembling dried varnish or gum. It does 
not deliquesce in moist air. In thin layers it is transparent 
and dark yellow, but in thicker masses it appears dark 
brown. It dissolves readily in water, less freely in alcohol. 
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and not at all in ether, which last precipitates it from its 
alcoholic solution in brown drops. The solutions are in- 
tensely bitter. The watery solution of pure rubian is not 
precipitated by acids, organic or inorganic, nor by the salts 
of the alkalis, alkaline earths, or heavy materials in general. 
Impure rubian, however, yields precipitates. The only 
metallic compound of pure rubian is that with basic acetate 
of lead. 

The action of nitric acid produces phthalic acid. Soda 
converts the yellow colour into a blue-red, but the yellow 
colour is restored on neutralisation. 

Kubian yields much ash, to the extent of 6*2-7'69 per 
cent. 

The most interesting behaviour of rubian is with sul- 
phuric and hydrochloric acids. These acids have the same 
effect, but the products are more readily examined in case 
of sulphuric acid, which is more easily removed. If a con- 
siderable quantity of acid is added to an aqueous solution 
of rubian and heated to a boil, the liquid becomes slightly 
opalescent ; and if a concentrated solution has been used, 
orange-coloured flocks soon appear. These separate on 
cooling in a larger quantity, and the liquid has a much 
paler colour. 

The flocks are washed with cold water, and contain then 
four distinct compounds — alizarin, rubiretin, verantin, and 
rubianin. 

To isolate these four substances Schunck proceeds as 
follows : — The flocks are treated with boiling alcohol, with 
which they form an orange solution. This is filtered at a 
boil, and the residue treated with more alcohol in the same 
way until the solvent no longer takes a deep yellow colour. 
Eubianin, then, chiefly remains as a yellow or brownish- 
yellow crystalline mass, which, after repeated treatment 
with alcohol, dissolves therein, and from which, as well as 
from the first alcoholic extracts, it separates on cooling in 
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yellow or brownish-jellow crystals. If the rubianin so ob- 
tained is not a pure yellow, or is imperfectly crystallised, 
it contains verantin, from which it is separated as follows. 
The deposit formed on the cooling of the alcoholic extracts 
is again dissolved in boiling alcohol, and acetate of lead is 
added, which precipitates verantin, whilst rubianin remains 
in solution ; and as the liquid — which is filtered hot — cools, 
it is deposited in long lemon-yellow silky needles, which are 
purified by recrystallisation. The compound of verantin 
with oxide of lead is decomposed with sulphuric acid, and 
the verantin is extracted with alcohol. 

The liquid from which the rubianin has separated still 
contains a small portion of it along with the other com- 
pounds. On adding acetate of alumina, all the alizarin, to- 
gether with a part of the verantin, is precipitated as a dark 
red powder. The precipitate is washed with alcohol till 
this remains colourless, and is then decomposed with hydro- 
chloric acid, when alizarin and verantin remain undissolved 
as red flocks. These flocks are washed with water, and 
again dissolved in alcohol, and acetate of copper is added 
to the solution, when verantin is thrown down in combina- 
tion with oxide of copper as a reddish-brown powder. From 
the filtrate alizarin is precipitated by the addition of hydro- 
chloric acid, washed with water, dissolved in alcohol, and 
recrystallised. 

The alcoholic solution from which alizarin and verantin 
were jointly thrown down with acetate of alumina is 
evaporated to dryness, the residue mixed with hydrochloric 
acid, and washed vnth water for the removal of all acid and 
alumina. The residue is treated with boiling water, when 
brown resinous drops are precipitated, and brownish-yellow 
flocks float in the liquid, and are decanted from the resinous 
matter along with the solution. This procedure is repeated 
with fresh quantities of water until no more flocks are 
formed. The resinous mass contains chiefly rubiretin, which 
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is purified by solution in cold alcohol. The brownish-yellow 
flocks contain principally verantin and rubianin. On treat- 
ment with boiling water, rubianin dissolves, and separates 
in orange flocks as the solution cools ; the treatment with 
water is repeated until nothing further is taken up. 

The orange flocks of rubianin are dissolved in boiling 
alcohol, from which it is deposited on cooling in yellow 
flocks. The mother-liquors still retain a little ruberitin 
and alizarin, which are removed as above with acetate of 
alumina. 

The verantin which remains undissolved on treatment 
with water, together with that obtained from the above- 
mentioned compound of the oxides of lead and copper, is 
dissolved in a little boiling alcohol, from which it separates 
on cooling as a dark-red brown or yellow-brown powder, 
which is purified by being re-dissolved in alcohol. 

Verantin, as prepared by the above-mentioned method, 
is a reddish-brown powder like snuff or ground coffee. If 
heated upon platinum foil, it melts and bums without 
residue. It dissolves in sulphuric acid with a brown colour ; 
it is almost insoluble in boUing water, but readily soluble in 
boiling alcohol. It is decomposed if heated with concen- 
trated alcohol. If perfectly free from alizarin it does not 
dye mordanted tissues. Schunck considered purpurin as a 
mixture of alizarin and verantin. 

Eubiretin forms a brown, opaque, resinous mass, brittle 
in the cold, but soft in boiling water. If heated more 
strongly it melts without decomposition. In sulphuric acid 
it dissolves with a yellowish-brown colour, and is decom- 
posed if heated. In alkalis it dissolves with a reddish- 
brown colour, and is reprecipitated by acids in brown flocks. 
It does not dye if free from alizarin. 

Eubianin forms lemon-yellow silky needles, more soluble 
in hot water, but less in boiling alcohol, than are rubiretin 
and verantin. In concentrated sulphuric acid it dissolves 
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with a yellow colour. In cold solutions of carbonates of soda, 
potash, and ammonia, it is insoluble, but in hot alkaline 
carbonates it dissolves with a blood-red colour. The alco- 
holic solution is not precipitated by neutral acetate of lead. 
In solution of ferric chloride it dissolves with a deep brown 
colour. 

Schunck has also obtained a number of bodies by the 
action of ferments upon rubian, such as rubianin, rubiacic 
acid, rubiadin, rubiadipin, rubiafin, and rubiagin, and which 
closely resemble the substances described above. 

As already stated, Rochleder was the first who ob- 
tained the glucoside of alizarin in a state of purity, and 
named it ruberythric acid. For the separation of this 
glucoside he took the following method. Oriental madder, 
cut in pieces, was put in boiling water, and the orange 
liquid thus obtained was separated from the roots. In this 
liquid sugar of lead produces a violet precipitation containing 
alizarin, purpurin, fat, sulphuric and phosphoric acids, and 
small quantities of other bodies. The solution is yellowish 
or yellowish-brown, according as it is more or less com- 
pletely freed from the precipitate, and it yields with basic 
sugar of lead a flesh-coloured, or almost brick-red precipitate, 
consisting chiefly of ruberythric acid, combined with oxide 
of lead, and- along with this another characteristic substance 
of an acid reaction, which Rochleder named rubichloric acid. 

The latter precipitate is diffused in water, decomposed 
by means of sulphuretted hydrogen, and the sulphuret of 
lead is collected on a filter and washed. The filtrate con- 
tains phosphoric acid, citric acid, and rubichloric acid, but 
very little ruberythric acid. This latter compound is retained 
by the sulphuret of lead, from which it is extracted by means 
of boiling alcohol. The solution is evaporated to one-third 
its bulk, mixed with water, and a little hydrate of baiyta is 
added, which produces a whitish precipitate, and is removed 
by filtration. The solution, when mixed with more hydrate 
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of baryta, yields cherry-red flocks, which are collected and 
dissolved in acetic acid, forming a yellow solution, whilst 
a little brownish-yellow matter remains undissolved. The 
solution is first mixed with some ammonia, but so that 
there is still an excess of free acid, and tribasic acetate of 
lead is added. 

A vermilion-red precipitate is produced, which is washed 
with very dilute alcohol. The precipitate is then finely 
divided in alcohol, decomposed with sulphuretted hydrogen, 
and the liquid and precipitate are heated ta a boil, and 
filtered whilst hot. On cooling and evaporation, light yellow 
crystals separate from the gold-coloured solution. These 
are purified by pressure and recrystallisation from a little 
boiling water. They are ruberythric acid, C28H28O14. They 
form yellow prisms of a silky lustre, dissolve sparingly in 
cold, but readily in hot water, as also in alcohol and ether, 
with a golden yellow colour, but in alkalis with a dark 
yellow. 

The aqueous solution is precipitated in dark cherry-red 
flocks of baryta water, and vermilion-red of basic acetate 
of lead. If mixed with solution of alum and ammonia a 
precipitate is formed, which, if dried at 100** C. and pulverised, 
forms a fiery red lake, resembling vermilion. 

If heated to boiling with solution of ferric chloride, 
ruberji;hric acid dissolves with a deep brown colour ; hydro- 
chloric acid precipitates it from this solution in yellow 
flocks. If the blood-red solution of ruberythric acid in 
caustic alkalis is heated, the colour suddenly changes, and 
appears purple by transmitted, and .violet blue by reflected 
light. It has been converted into alizarin, which is pre- 
cipitated by acids in yellow flocks. The aqueous solution 
undergoes the same change when mixed with hydrochloric 
acid ; it becomes first pale yellow, and then becomes turbid 
on boiling, whilst a yellow jelly is separated, which contracts 
into flocks of alizarin. The filtrate, neutralised with car- 
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bonate and hydrate of lead, filtered from the precipitate 
concentrated in the water-bath, treated with sulphuretted 
hydrogen, and finally evaporated in the steam-bath, leaves 
a syrupy residue, which has all the reactions and properties 
of a sugar. 

The only at present admissible formula for ruberythric 
acid, which explains very simply its decomposition into 
alizarin and sugar, is, as already stated, C26H28O14, with 
which the analyses of Schunck and Rochleder agree very 
well. 

Madder, treated with mineral acids, contains, according 
to Rochleder, along with purpurin and alizarin, certain 
yellow crystalline substances, which probably also are present 
in the root as sugar compounds. Their amount is very 
trifling : thousands of pounds of madder are required to 
procure even a few ounces of the mixture of these bodies. 
Whether they are in any manner connected with the pro- 
ducts which Schunck obtained from his rubian, or with the 
compounds which Schiitzenberger discovered in commercial 
purpurin, has not yet been ascertained, since the analyses 
executed show too little agreement. 

The material from which Eochleder prepared these bodies 
dissolved in soda-lye with a blood-red colour. From this 
solution was deposited, on addition of hydrochloric acid, a 
copious precipitate of gelatinous dirty yellow flocks, which, 
on boiling in water, shrunk in volume and lost their gela- 
tinous character, so far that they could be easily washed on 
the filter after cooling. 

The solution in alkali and the precipitation had the 
object of rendering the substances more easily attacked 
if solvents. 

On treatment with baryta water a great portion of the 
mass is dissolved, whilst a small part remains as an almost 
black powder. The soluble part is filtered from the insoluble, 
and the latter is washed with water. 
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The blood-red solution in baryta water is precipitated 
with hydrochloric acid; the yellowish precipitate, along 
with the liquid, is heated to a boil, in order to reduce the 
gelatinous character of the deposit, which is then, collected 
on a filter and washed with water. When drained it is 
placed upon bibulous paper to remove the greater part of the 
moisture, and the precipitate, still damp, is then heated to a 
boil with so much acetic acid as is required for its perfect 
solution. When cold, the orange acetic solution congeals to 
a cake of small crystals, which is thrown upon a filter and 
washed with cold hydrous acetic acid till the washings have 
the colour of a saturated solution of bichromate of potassa. 

This treatment removes an amorphous resinous body, 
very easily soluble in cold acetic acid, whilst but little of the 
other constituents pass into solution. The red solution, 
mixed with water, gave a yellow glutinous precipitate, too 
small in quantity to repay an attempt to separate its crys- 
talline constituents* 

The lemon-yellow mass remaining upon the filter is 
resolved into its various constituents by fractionated crys- 
tallisation from a boiling mixture of acetic acid and water, 
by a fractionated crystallisation of this fraction from hot 
alcohol, by partial solution in alcohol and partial precipita- 
tion of the alcoholic solution by means of water. 

The four substances thus separated from each other ap- 
proximate so closely in their behaviour with solvents that 
their separation can be effected only by means of oft-repeated 
and tedious operations, and in their properties they resemble 
each other so closely that numerous analyses merely serve 
as a proof of the necessity of further attempts at purification. 

The product, most abundant in the mixture remaining 
after removal of the resinoid body, is named by Eochleder 
isalizarin, as its composition is the same as that of alizarin, 
from which it is readily distinguished by the blood-red 
colour of its solution in soda and potash lyes, and of the red 
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solution whicli it gives with baryta water. In colour, 
isalizarin holds a medium place between alizarin and pur- 
purin. It does not dye cotton mordanted with iron and 
alumina. 

Isalizarin is accompanied by a second body, which occurs 
in exceedingly minute quantity in the mixture above men- 
tioned. According to analysis, its formula is C,5Hio04. Its 
resemblance to alizarin is almost deceptive. 

A third substance accompanying isalizarin, but less in 
quantity, is hydrisalizarin. Its colour is a lighter yellow 
than is that of alizarin. It dissolves in a boiling solution of 
ferric chloride with a dark brown colour. It is partially 
precipitated from this solution on cooling in the form of 
light yellow flocks, and partially on the addition of a few 
drops of hydrochloric acid, without undergoing any change. 
Its formula is CagHigOg. 

If we represent alizarin as — 



Cui 






then hydrisalizarin may be expressed by the following 
formula : 



Cu (0H)3 




= CJ28Hi808- 



The fourth and last body which accompanies isalizarin 
and the two substances last mentioned is a homologue of 
hydrisalizarin, and has the formula CjgHgoOg. 

If exposed to a prolonged heat of 118''-120** C, this sub- 
stance loses HgO, and takes a darker colour. 

Madder is now rarely used in dyeing in its original state, 

K 
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except for Turkey reds. All other preparations contain 
alizarin either free or as a glucoside, but the foreign 
materials injurious in dyeing, as also purpurin, are removed 
to a greater or less extent. These preparations of madder 
are : garancin, madder flowers (fleur de garance)^ green 
alizarin {alizarine verte), extract of madder, and, since 
Graebe and Liebermann's discovery of the production of 
alizarin from anthracen, alizarin itself. These preparations, 
as compared with madder, have the advantage that the 
whole process of dyeing is simpler in execution, and that in 
case of topical colours the white grounds of cotton goods are 
less soiled than when madder is used, and can be in conse- 
quence more readily cleared. 

Garancin takes its origin from the discovery of Eobiquet 
and Colin that ground madder can be treated with concen- 
trated sulphuric acid without injury to the colour, whilst at 
the same time other substances hurtful in dyeing are decom- 
posed and removed. In 1828, Lagier, Eobiquet, and Colin 
took out a patent for the preparation of this product, which 
they describe as follows : — Ground madder is stirred up with 
5 to 6 parts of cold water, and left to stand over night 
^^ whereby the pigment, which was at first in solution, is pre- 
cipitated along with the jelly formed from the pectin com- 
pounds), drained on a filter, and then placed under the press. 
The residue is treated with water in the same manner a 
second and a third time, and then resubmitted to pressure. 
The moist powder is next treated with half the weight of 
the original dry madder of sulphuric acid, which is diluted 
with more or less water as long as the mass is still hot. It 
is stirred until a homogeneous mixture is produced ; heated 
to 100** C, and kept at this temperature for an hour. Lastly, 
it is drained upon filters, and washed till the drainings run 
off tasteless, then pressed, and dried on sieves. 

This process is probably not carried out anywhere with- 
out modifications, but in every improved method the principle 
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is still the same : the action of hot dilute sulphuric acid to 
isolate the colouring matters which are found in madder 
associated with sugar, to remove the sugar and certain 
matters which are rendered soluble by the acid, especially to 
separate the pectine substances from the calcic compounds 
in which they exist in certain kinds of madder, to convert 
them into a soluble form, and to remove them by washing. 
The deviations from the original process are due merely to the 
peculiar quality of the roots to be worked up, or to subsidiary 
considerations. 

One of the most important of these is the question 
whether the sugar present in the madder is to be neglected 
or used in the manufacture of spirits. 

Tor the manufacture of garancin the madders of Naples, 
Avignon, Spain, and Holland are especially selected. The 
last-mentioned, as well as that of Alsace, are distinguished 
by their large proportion of fermentible sugar ; and when the 
price of alcohol is high it is therefore remunerative to convert 
the sugar into spirit. 

If this is intended, the ground madder is worked up to a 
homogeneous paste, with 3 to 6 times its weight of water. If 
too much carbonate of lime is present, 2 to 2^ per cent, of 
sulphuric acid is added to the water before bringing it in 
contact with the madder. The mixture is allowed to stand 
in tapks from twenty-four to forty-eight hours, in conse- 
quence of which the water is absorbed more completely and 
the paste is thickened. It is then freed from moisture by 
being placed in bags and submitted to hydraulic pressure. 
If the liquid is acid it is neutralised with ground chalk, 
mixed vdth yeast in the tank, and allowed to ferment. On 
the completion of the fermentation the liquid is distilled 
in the ordinary manner. The press-cakes are broken up, 
steeped again, and converted into garancin. 

More frequently, however, the sugar present in the 
madder is neglected. But even in this case some establish- 

k2 
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ments begin Tvith steeping the madder in water, pure or 
acidulated, and allow the mixture to stand for some days. 
Either the ground madder is covered with the whole quantity 
of water needed for the preparation of garancin, and a small 
percentage of sulphuric acid added, or the entire amount 
of sulphuric acid requisite is mixed at once with the water, 
and the whole allowed to stand for several days. 

As a rule, the manufacturers of garancin make use of 
chamber acid, at most slightly concentrated in the leaden 
pans, but not of oil of vitriol at full strength. Of such an acid, 
at 40°-63** Baum^, from 15 to 25 per cent, of the weight of 
the madder is taken — more or less according to the quality 
of the root — and added to the steeping water. In many 
cases the preliminary steeping is omitted, and the madder is 
boiled at once with dilute acid. The boiling takes place in 
large wooden vats, holding 5,000 to 12,000 kilos, of water. 
These vats are conical, narrower at top, and made preferably 
of oak or pine-wood and bound with iron hoops, which are 
enclosed in strips of lead for protection against the acid. 
The vats are charged with water and the needful proportion 
of acid, and the ground madder is added, either dry or pre- 
viously moistened. A leaden pipe connected with a steam 
boiler is passed into the vat, and forms a semicircle on the 
bottom, to which it is fastened. The steam should be at 
2 to 4 atmospheres, and be allowed to enter freely. The 
mixture must be a thin paste. If the ebullition is too violent 
the current of steam must be checked, and if the madder 
adheres to the vat in any part it must be stirred fix)m time 
to time. The vats are provided with covers, through which 
pipes are passed to convey away the steam, and the ebullition 
is kept up from three to six hours. 

In order not to consume too much time in cooling the 
acid liquid, this process and the filtration are commenced 
at once. Below and close by the boiling vats stand the 
filters —fiat, long wooden troughs, in the bottom of which is 



Digitized by 



Google 



GARANCEUX. 133 

a stratum of laths. Over this double bottom, along the 
sides, and turning over the edge, a woollen cloth is stretched. 
The capacity of such a trough is at least three or four times 
that of a vat, and it is two-thirds or three-quarters filled 
with cold water. Into this relatively large amount of water 
the hot garancin paste is allowed to flow with constant 
stirring. The hot liquid is at once cooled down to about 
80*^, at which temperature it does not attack the woollen 
filter-cloths. The garancin powder remaining in the vats is 
rinsed out with water. 

In the hot liquid a not inconsiderable quantity of the 
madder colours are dissolved. Most of these, on mixture 
with the water and cooling, are precipitated upon the 
garancin. Hereupon the cocks at the bottom of the filtering 
trough are opened and the water run ofiF. When a thick 
layer of solid garancin has been deposited upon the cloths it 
serves as a filter for the supernatant liquid, which passes 
through clear even when run on quickly. As soon as all the 
garancin is solid an equal quantity of fresh water is run in, 
the whole well stirred, and the liquid is run off. This 
washing is repeated three or four times, and the last water 
is allowed to drain completely off, in order to make the paste 
more fitted for introduction into the press-bags. 

The moist garancin is then put in folding cloths or bags, 
which are piled up on the press-table of a vertically acting 
hydraulic press, and exposed to a very gradually increasing 
pressure. When the cake is suflBiciently compressed it is 
still left for some time in the press, in order to allow the 
moisture more opportunity to drain away. 

Desiccation is conducted chiefly in drying-rooms, ar- 
ranged similarly to those used in the manufacture of starch. 
A horizontal iron flue leads the products of combustion of a 
furnace through the spaces to be heated, giving off heat, 
whilst there is simultaneous provision for the escape of the 
moist air. It is convenient to let the warm air enter from 
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above and the moist air escape below. The dried garancin 
is spread upon hurdles supported on scaflfolding. It is con- 
venient to place the yet moist article on the lower stages of 
the scaffold, and as it dries move it higher, where it is 
thoroughly dried by the hot dry air entering from above. 
This removal of the hurdles to the upper dryer and hotter 
strata of air is very tedious, and is impracticable where the 
quantities are large. Tramroads have been therefore 
introduced in the drying-rooms, upon which are small flat 
waggons carrying sheet-iron plates with tumed-up margins, 
upon which the garancin is spread out. These waggons are 
emptied at doors introduced on the same level as the tram- 
ways, and charged again. Occasionally such tramways are 
arranged in two stages, the one above the other. 

The dry garancin is then crushed in a mill resembling a 
common coffee-mill, then ground in another mill with vertical 
edge-stones like an oil-mill, sifted and packed. 

Garanceux is a product resembling garancin prepared 
from madder grounds in dye-works by treatment at first 
with .very weak acid and then with a somewhat stronger 
kind. 

Madder-flower {flmr de garance) is a product which has 
been known in trade since 1861, and has been extensively 
used. It is obtained by fermentation. The madder is 
stirred up with twice its weight of water, which is then run 
off. The liquid is allowed to ferment, and contains most of 
the sugar present in the madder. The moist residue is 
again mixed with water, and the whole is allowed to ferment. 
The yield of madder-flower is from 30 to 40 per cent, of the 
raw material. Its tinctorial power is estimated at double 
that of madder, and it yields a purer purple. 

Green alizarin [alizarine verte) was first prepared by 
Prof. C. Kopp, and depends upon the different action of 
sulphurous acid upon the glucosides of alizarin and purpurin. 
Whilst the glucoside of the latter, if heated with sulphurous 
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acid to 50-60° C, is decomposed into purpurin and sugar, 
that of alizarin (ruberjrfcliric acid) undergoes no change till 
the temperature of 100°. To prepare green alizarin, madder 
is mixed with ten parts of aqueous sulphurous acid, to which 
a little hydrochloric acid is added to decompose the lime 
salts present. The mixture is poured into a well-covered 
wooden vessel and allowed to stand for twelve to twenty-four 
hours, with occasional stirring. The semi-iiuid mass is placed 
upon a filter bag, the bottoms of the cask are rinsed into 
the bag with a little water ; the whole is allowed to drain, 
and the bag is submitted to a gradual but. powerful pressure. 
The liquid is placed in a wooden vessel. The pressed mass, 
which is easily taken out of the bag, is again treated with 
ten parts of sulphurous acid, and the filtrate and expressed 
liquid are added to the first lot. The pressed residue is 
lastly treated a third time in the same manner; but the 
liquid obtained not being suflBciently saturated to be mixed 
with the former, it is used for extracting madder which 
has been abeady once treated with sulphurous acid. Lest 
the liquids lose their sulphurous acid too readily, they are 
preserved in well-covered vessels. 

The liquid has a bright orange colour, with a brownish 
cast if highly concentrated. The taste is acid, with a 
sweetish-bitter after-flavour like that of madder. 

The odour likewise combines the pungency of sulphurous 
acid with the characteristic smell of madder. In closed 
vessels the liquid may be kept a loug time without change, 
though occasionally a slight brown precipitate is formed. 
If too much hydrochloric acid has been added along with 
the sulphurous, after the lapse of five to eight days a semi- 
crystalline deposit of purpurin of a very bright vermilion 
colour is often observed. This deposit is very dense, and 
can be readily separated by decantation, filtration, and 
washing. 
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If to the sulphurous solution there be added 3-5 per 
cent, of sulphuric or hydrochloric acid, no change is at 
first perceptible. In time, however, a flocky mass separates 
of a more or less decided orange colour, which gradually 
increases in quantity. This precipitate is more readily 
formed if the liquid is heated to 50°-60°. This temperature 
must not be exceeded, as otherwise the orange liquid assumes 
a deeper and deeper colour, which is communicated to the 
precipitate, giving this a more or less brownish or greenish- 
black shade. 

If the temperature of 60° is not exceeded, the precipi- 
tation is completed in 20-30 minutes. The flocks often 
coalesce, become heavy and granular, and are separated as 
a more or less pulverulent mass, assuming the more beautiful 
a colour the denser the precipitate becomes. This precipitate, 
collected upon a filter, is washed with a little cold water 
till the washings run ofiP with a faint yellowish or reddish 
colour, and have no longer an acid reaction. The precipitate 
is purpurin, almost chemically pure. 

The mother-liquor of the pm'purin is of an orange-br6wn 
colour, and can be preserved at common temperatures {or any 
length of time in closed vessels. If heated it undergoes a re- 
markable change. Carbonic acid is evolved, whilst a greenish- 
black pulverulent mass is formed in abundance, consisting 
of alizarin coloured by a resinous, very deep blackish-green 
substance — ^the result of the transformation of chlorogenin 
under the influence of acids. 

The boiling must be continued for one to two hours, to 
ensure the complete precipitation of the alizarin. 

Very probably there is formed at the same time a small 
quantity of ulmin or ulmic acid derived from the action of 
sulphuric or hydrochloric acid upon the sugar of madder. 

Green alizarin is completely precipitated in the course 
of twenty-four to thirty-six hours ; but when in a state of 
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very fine STibdivision it often adheres to the sides of the 
vessel. It can be brought to the bottom by gentle shaking 
and knocking. 

The liquid is then run ofiF, and the green alizarin col- 
lected upon a filter after being twice or thrice washed by 
decantation with cold water. 

The mothei>liquor is still of a deep orange-brown colour ; 
but if the boiling has been brisk enough, and has been kept 
up for a sufiicient time, it contains no substances useful in 
dyeing except the small quantity of alizarin which a slightly 
acidulated water can hold in solution, and which is chiefly 
deposited in the course of a few days. This alizarin, which 
is thus gradually precipitated, is generally much yellower 
and purer than the green alizarin. 

If green alizarin is treated with alcohol or wood spirit, 
it dissolves with a dark yellowish-brown colour. If the 
alcohol is distilled oflF, there remains yellowish-brown alizarin 
almost pure, which dyes easily and well. 

The extracts of madder contain the madder colours in 
a free state, and are obtained from the root by various 
methods. 

J. Pernod, of Avignon, proceeded as follows : — Madder, 
or preferably garancine, is treated with acidulated boiling 
water till all colouring matter is dissolved. Any acid may 
be employed, but the sulphuric is preferred from its cheap- 
ness. The best proportion is 6 grms. acid to 1 litre river water. 
The liquids obtained are collected and allowed to stand; 
on cooling an orange-red precipitate separates ; the mother- 
liquor is then drawn off and used for the treatment of a 
fresh portion of madder. The precipitate is freed from acid 
by washing with river water till the washings have a rose 
colour. The precipitate is then drained, thickened with 
starch or gum, and is at once ready for use. 

Another procedure laid down by A. Eien, of Avignon, 
is -based upon the fact that water, whether pure, acidulated, 
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or mixed with a little alum, dissolves the madder colours 
at a pressure of four to five atmospheres, and re-deposits 
them on cooling. He proceeds as foUows : — Ground madder 
is washed with cold water to remove sugar and pectin, and 
then dried. The powder is then placed in a basket of very 
closely woven wire, hanging on an axle which passes through 
a stuflBng-box into a Papin's digester. The digester must 
be able to bear a pressure of four to five atmospheres, 
and the basket can be set in motion by means of the axle. 
The digester is entirely or partially filled with water, which 
is mixed with a little acid in order to free the madder from 
its lime. After all apertures have been carefully closed, it 
is heated either directly over the naked fire, or by means 
of steam, so that the temperature in the interior of the 
apparatus may correspond to a pressure of four to five 
atmospheres. At the set time the axle, and consequently 
the basket, are set in revolution to promote the extraction. 
After about 16-20 minutes the apparatus is emptied by a 
cock, before which a disc of felt is fixed as a filter, into 
suitable vessels in which the dissolved colour is deposited 
as the liquid cools. At the same time the apparatus is re- 
filled with water, pure or acidulated, in order to extract 
a still farther amount of colour from the madder, which is 
left in the basket as long as it yields colour. It is again 
exposed to steam at five atmospheres for a quarter to half 
an hour, and the basket is allowed to revolve. The liquid 
is again allowed to cool, and the same treatment is repeated 
till the madder is exhausted. The liquids obtained by this 
process deposit on cooling orange-red flocks, which aie 
collected on a filter and dried. They form a colouring 
matter which is neither pure alizarin nor purpurin, but is 
very rich and well adapted for printing. The liquid, from 
which the flocks have been deposited, may be used instead 
of plain water for filling the digester, and is found to have 
a greater solvent power. 
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Schiitzenberger prepared an extract of madder, having 
procured a cast-steel cylinder of such thickness that it 
could bear the pressure of thousands of atmospheres. In 
this cylinder, which was capable of being hermetically 
closed, he dissolved the alizarin in pure water at a very 
high pressure, and allowed it then to crystallise on cooling. 

In order to prepare pure alizarin from madder, it is 
jSrst washed with water and then boiled with alum. The solu- 
tion is allowed to stand for several days, the precipitate col- 
lected, boiled repeatedly with dilute hydrochloric acid, washed 
with water, and the residue dissolved in alcohol, from which it 
is separated by evaporation. The colouring matter, not yet 
quite pure, is dissolved again in a little alcohol, boiled 
repeatedly in alum water till this is no longer coloured, the 
residue dried and dissolved in ether and sublimed. 

According to Kopp's method, we obtain pure alizarin by 
mixing the sulphurous solutions, from which the purpurin 
has been deposited on gently heating, with milk of lime 
tiU the reaction is slightly alkaline. The result is a deep 
violet solution of alizarin-lime, which is decomposed whilst 
still moist with an excess of hydrochloric acid. The alizarin 
deposited is of a deep orange-brown colour, and settles 
readily. It is collected on a filter, weU washed, dried, and 
sublimed. It is thus obtained in fine orange crystals, which 
are so much the redder as the sublimation was eflFected at a 
higher temperature. 

As already stated, Graebe and Liebermann were the first 
who succeeded in obtaining alizarin artificially. They first 
prepared it by melting bibromanthraquinon with hydrate of 
potassa, and then discovered that the sulphuric acid com- 
pounds of anthraquinon might be more advantageously used. 
On boiling bibromanthraquinon or the sulphanthraquinonic 
acids, with hydrate of potash, the ready transformation does 
not appear which is observed in the chlorinised quinons of 
benzol and naphthalin ; but on inspissation with concentrated 
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lye this reaction appears, and the mass takes a deep violet 
colour, a sign of the formation of alizarin. 

The identity of artificial and natural alizarin was con- 
tested at first, but has been established beyond a doubt by 
the minute researches of Schunck, Perkin, Bolley, E. Kopp, 
and others. 

The history of the methods of obtaining artificial alizarin 
shows most distinctly how the originally costly and difficult 
reactions have been gradually modified, and how very expen- 
sive agents have step by step been replaced by cheaper ones, 
whilst the quality and purity of the product has been still 
rising. 

We must mention the patents which have been obtained 
for the preparation of artificial alizarin, of which the first 
has now merely a historical interest, whilst some of the 
subsequent ones are of no value for work on a commercial 
scale. 

The first process given by Graebe and Liebermann is as 
follows : — 

Purified anthracen (Ci4Hjq) is converted into anthra- 
quinon, Ci4Hg02, as follows : — 

1. By heating I part anthracen with 2 parts bichromate 
of potassa and sulphuric acid, with or without the action 
of glacial acetic acid. 

2. By oxidising anthracen with bichromate of potassa, 
both dissolved in glacial acetic acid. 

3. By oxidising anthracen with nitric acid moderately 
concentrated, with the simultaneous use of concentrated 
acetic acid. 

Anthraquinon obtained by any of these three methods is 
purified and converted into bibromanthraquinon, Cj^HgBrgOa, 
by heating 1 mol. anthraquinon and 4 mol. bromine for 
some hours to, SO^-ISO*" in closed vessels. 

C^HgOa 4- 4Br = Cj^HfiBr jOj 4- 2HBr. 
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The bibromanthraquinon is then heated for some time 
in closed vessels to 180**-260% along with concentrated 
soda or potash-lye, in order to replace the bromine by 
hydroxyl. 

Ci4HeBr202 + 2KOH=Ci,He(OH)2(02) + 2KBr. 

The mixture gradually turns first blue and then violet, 
which becomes more and more intense. When the colour no 
longer deepens, the mixture is allowed to cool, dissolved in 
water, filtered, and supersaturated with sulphuric or muriatic 
acid, when alizarin is deposited in yellow flocks, which are 
filtered ofiF and purified by washing with water. 

According to a second process likewise patented by 
Graebe and Liebermann, the direct formation of anthra- 
quinon is avoided, and bibromanthraquinon is prepared at 
once. This is done as follows : — 

Anthracen is treated with bromine in excess, and con- 
verted into bibromanthracentetrabromide, Cj^HgBraBr^. In 
contact with alcoholic potash this is converted into tetra- 
bromanthracen, C^^'H.qBt^. 

CuHgBrg + 2KH0= Ci^HgBr, + 2KBr + 2H2O. 

Tetrabromanthracen, if heated with five parts of suflB- 
ciently diluted nitric acid to 100% loses bromine and yields 
bibromanthraquinon. 

CuHeBr, + Oa=Ci,HeBr,((y',) + 2Br. 

This compound is then converted into alizarin as above 
described, by treatment with hydrate of potash. 

Graebe and Liebermann declare at the same time that in 
all cases chlorine may be used instead of bromine. 

In 1869 (May 28), Broenner and Gutzkow obtained an 
English patent, the essential parts of which are as follows: — 
Anthracen is converted into a new product by oxidation and 
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substitution. For this purpose some one of the well-known 
oxidising and substituting agents is employed, such as acid 
chromate of potassa and sulphuric acid or crystalline acetic 
acid, but especially nitric acid is used. The new product is 
purijSed either by ciystallisation, sublimation, or in any other 
manner, and the colouring matters are obtained by oxidation, 
or, if necessary, by treatment with potash. The colouring 
matters may also be directly obtained from the crude product. 
For this purpose it is preferably dissolved in sulphuric acid, 
with the addition of any oxidising agent, such as nitric acid 
and the nitrates, sulphates, oxides and peroxides of metals, 
or their compounds with acids which are easily reduced, such 
as the arsenic, chromic, or other acids, or the metallic chlo- 
rates. 

By this method Broenner and Gutzkow say they have 
obtained two distinct colouring matters, one of which 
dissolves in alcohol with a yellow, and the other with a red 
colour. 

In their final specification, Broenner and Gutzkow recom- 
mend the following process. The anthracen is first converted 
into an oxidised product, which is effected by treatment 
with nitric acid, or bichromate of potassa and sulphuric 
acid or acetic acid, &c., and purification of this product by 
crystallisation or sublimation. 

The first colouring matter, which tinges alcohol yellow, is 
then obtained by melting the oxidised product with alkali, 
or by dissolving it first in sulphuric acid or in another acid, 
or a mixture of acids, so as to obtain the product not crystal- 
line, but in a flocculent condition, upon which the alkalis may 
act more readily. After solution in sulphuric acid, &c., the 
product is precipitated with water, and the resulting precipi- 
tate, as above stated, is melted with potash. If nitric acid is 
applied, or a mixture of nitric and sulphuric acid, or sul- 
phuric acid and nitrates, we obtain a nitro-product which 
either yields a colouring matter when heated with alkali, or 
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is converted into another compound by tlie action of reducing 
agents, e.g. hydrochloric acid and metals. Whichever 
method is taken, the ultimate product is precipitated with 
acids, filtered, and washed with water. If a colouring 
matter is desired, which dyes a yellowish-red with aluminous 
mordants, there must be added to the colour after solution 
in acids nitric acid or nitrates (e.g. mercuroiis nitrate), either 
at a common temperature or with the aid of heat. It 
appears on careful study that what is claimed in this patent 
is the fusion of anthraquinon with alkalis and the production 
of nitro- or of amidoanthraquinon. 

Anthracen is first to be converted into a new product by 
oxidising agents, chromate of potassa, &c. ; this is anthra- 
quinon. This product is then either at once to be fused with 
alkalis or, in order to make it more flocculent, it is first dis- 
solved in sulphuric acid, then precipitated with water, and 
the precipitate melted with alkalis. This precipitate is 
merely anthraquinon, but in a purer state, as on treatment 
with sulphuric acid the impurities are converted into 
soluble sulpho-compounds, and are removed from the pre- 
cipitate on filtration. The fusion of this product leads 
to the same result as the melting of the crude matter with 
alkali. 

If anthracen is treated with nitric acid, with nitro-sul- 
phuric acid, or with sulphuric acid and nitrates, the main 
product is dinitroanthraquinon, whichj if melted with alkali 
under suitable conditions, yields alizarin, and on treatment 
with reducing agents is converted into diamidoanthraquinon, 
which tinges alcohol red and dyes silk and wool the same 
colour. 

The production of sulphoanthraquinonic acids according 
to this specification is out of the question, as there is 
no mention of a solution, but of a precipitate, thrown down 
from the sulphuric solution by the addition of water. That 
this precipitate is no sulpho- compound is evident from the 
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fa<5t that these compounds dissolve readily in water instead 
of being precipitated thereby. 

Anthraqninon on fusion with potash yields mere traces 
of a colouring matter, which is not even proved to be 
alizarin at all. Further, dinitroanthraquinon is convertible 
into alizarin only with great difficulty; whilst diamidoan- 
thraquinon has little tinctorial power, dyes merely flat and 
fugitive shades, and can be easily replaced by other brighter 
and cheaper colours. 

About the same time Graebe, Liebermann, and Caro, and 
also Perkin, studied the action of sulphuric acid upon anthra- 
qninon, and applied this principle to the manufacture of 
alizarin. The English patent of the three former chemists 
is dated 1869, June 25 ; that of Perkin was taken out a day 
later, but was sealed earlier. Perkin treats anthraqninon, 
Ci4HgOj, with highly concentrated sulphuric acid at elevated 

[SO TTI 
SO*H ^*' 

On fasion with an alkali the two sulphuric residues, SO3H, 

are replaced by hydroxyl and HO, and alizarin is formed. 

^"^I^i] ^«" + 2K0H=C, A(OK,)0,+ 2S0,H,. 

Perkin observed on this occasion during the fasion of 

bisulphanthraquinonic acid the formation of an intermediate 

OH 
product, sulphoxyanthraquinonic acid, Ci4HgaQ „ (02)^',which 

imparts a blue colour to the alizarin melt. 

In the meantime, Graebe, Liebermann, and Caro had 
taken a further important step in the simplification of the 
process. Both in their Eoglish patent and in their French 
patents of November 3, 1869, and January 18, 1870, they 
dispense with the preparation of anthraqninon. This they 
eflFected by the direct conversion of anthracen into bisulph- 
anthracenic acid, and its transformation into bisulphanthra- 
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quinonic acid by means of oxidising agents. A twofold 
advantage was thus to be secured. In the first place, the 
oxidation of sulphanthracenic acid to sulphanthraquinonio 
acid is supposed to be simpler and more complete than the 
oxidation of anthracen to anthraquinon, where the formation 
of smeary and useless by-products is almost inevitable. 
Secondly, very cheap oxidising agents were to be employed. 
The patents mentioned contain the following directions 
for the preparation of artificial alizarin : 

1. By preparing bisulphanthraquinonic acid from anthra- 
quinon. 

One part of anthraquinon is mixed with about 3 parts 
of concentrated sulphuric acid (spec. grav. 1'848), and the 
mixture is heated in a vessel — not attacked by sulphuric 
acid — to about 260° C, until a sample poured into water 
dissolves completely or leaves mere traces of unconverted 
anthraquinon. 

It is then allowed to cool and diluted with water. To 
remove excess of sulphuric acid it is accurately neutralised 
with chalk. Sulphate of lime is deposited, which is removed 
by filtration, and is powerfully pressed, whilst bisulphanthra- 
quinonate of lime remains in solution. As this salt is not 
soluble in cold water, these operations are carried on at a 
boiling heat. 

The hot solution of the lime salt is then mixed with a 
solution of carbonate of potash or soda, also hot, till the 
reaction becomes alkaline. The mixture is boiled for some 
time till the carbonate of lime is deposited in a dense, 
granular state. The solution of bisulphanthraquinonate of 
soda is decanted or filtered, and evaporated to dryness. 

To 1 part of the dry salt are added 2 to 3 parts 
of solid potash or soda and a little water, in order to pro- 
mote the fusion of the hydrate and facilitate the mixture 
of the salts. The mixture is then heated in iron or copper 
vessels to about 180°-260*' for an hour, or better, till the 

li 
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melt takes a deep blue violet colour, and a portion dissolved 
in water and mixed with sulphuric acid gfives a copious 
brownish-yellow precipitate. When the point has been 
reached it is allowed to cool, the melt is dissolved in hot 
water, the dark violet blue solution is, if needful, decanted 
from the insoluble residue, or filtered through linen, and 
the clear liquid is mixed with sulphuric or hydrochloric 
acid. Sulphurous and carbonic acids are developed, and at 
the same time alizarin is deposited in dense large flocks 
of a yellowish-brown. When cold, the precipitate is col- 
lected on a filter and thoroughly washed with cold water. 
The alizarin thus obtained is fit for all purposes to which 
the preparations of madder have been hitherto applied. 



2. Preparation of Bisulphanthraquinonic Acid from 
Anthracen. 

One part of anthracen is heated in a suitable vessel vnth 
4 parts of sulphuric acid, at first for about three hours, to 
100% when the temperature is raised to 150^ or even higher 
for at least another hour. The cold mass is diluted with 
3 parts of water. If unconverted anthracen is here depo- 
sited, it is collected, washed, dried, and added to another 
operation. The washing waters may be employed instead 
of pure water for diluting bisulphanthracenic acid. 

The dark-coloured and highly acid solution contains 

SO H 
bisulphanthracenic acid, Ci^HggQ^g-, and much free sul- 
phuric acid. It is heated to a boil with the * addition of 
three times as much powdered native manganese as the 
original weight of anthracen. The ebullition is kept up till 
the bisulphanthracenic acid is converted into bisulphanthra- 
quinonic acid by taking up oxygen firom the manganese. 

Manganous sulphate is formed at the same time. It 
is advisable to evaporate to dryness, and continue the 
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heat even for some time longer to ensure complete conver- 
sion. 

The mass is next dissolved in boiling water, and mixed 
with diluted milk of lime till the reaction becomes alkaline. 
The lime decomposes the salts of manganese, precipitates 
insoluble manganous oxide ; whilst there are formed at the 
same time sulphate of lime, almost insoluble, and bisulph- 
anthraquinonate of lime, which remains in solution. 

All insoluble matter is removed by filtration and pressure, 
and a clear solution of bisulphanthraquinonate of lime is 
obtained, which is then decomposed by an alkaline carbonate. 

The solution of the salt thus produced is evaporated to 
dryness, and converted into alizarin by melting with hydrate 
of potash, as already described. 

Instead of peroxide of manganese, the peroxide of lead, 
chromic or nitric acid, may be used. If the oxidising agent 
IS soluble in water, as, e.g., chromic acid, all excess must be 
removed before the milk of lime is added. For this purpose 
sulphurous acid is passed into the solution, which, after 
oxidation, contains sulphuric acid, chromic oxide, bisulph- 
anthraquinonic acid, and the excess of chromic acid, until all 
the latter is reduced to oxide, which, as well as the sul- 
phuric acid, is then precipitated by milk of lime. 

If nitric acid is applied as an oxidising agent, the mixture 
of sulphuric and bisulphanthraquinonic acids, which still 
contains the excess of nitric acid, must be concentrated until 
even the sulphuric acid begins to volatilise. The mixture 
is then allowed to cool, and diluted with water before the 
milk of lime is added. 

On November 17, 1869, Perkin patented another process, 
according to which anthracen is first converted into dichlor- 
anthracen, a dichloro-substitution-product. If this is treated 
with sulphuric acid, sulpho-compounds are formed which still 
contain chlorine. In order to convert this into sulphanthra- 
quinonic acid, an oxidising agent is added — e.g., peroxide of 

l8 
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lead — and heat is applied till the solution of the snlpho- 
compound no longer fluoresces. In the final specification of 
his patent, Perkin subsequently stated that the addition of 
oxidising agents might be avoided if the mixture of dichlor- 
anthracen and sulphuric acid is heated to about 210^. 

Bisulphanthraquinonic acid is thus at once obtained, 
which is freed from excess of sulphuric acid, and from the 
accompanying carbonaceous matters by boiling with milk of 
lime ; from the bisulphanthraquinonate of lime, the soda salt 
is then obtained by boiling with carbonate of soda, and 
alizarin is then produced by melting with a caustic alkali. 

On January 24, 1870, Dale and Schorlemmer patented a 
process which, if it had held good on the large scale, would 
have been a further simplification. 

Their process is as follows : 

One part of anthracen is boiled for some time with 4 to 10 
parts of strong sulphuric acid, then diluted with water, the 
solution neutralised with carbonate of lime, baryta, soda, or 
potash, and the sulphates removed by filtration or crys- 
tallisation. The resulting solution is heated to 180° to 
260° with caustic alkali, to which a quantity of nitre or 
chlorate of potash, equal in weight to the anthracen em- 
ployed, has been added until a violet-blue colour appears. 
From this product alizarin is obtained by precipitation with 
acids. 

The bisulphanthracen acid is first converted into bisulph- 
anthraquinonic acid by the action of the saltpetre or the 
chlorate of potash, and the latter acid is changed into ali- 
zarin by the excess of alkaline hydrate. In this process the 
quantity of saltpetre or of chlorate must be very accurately 
adjusted, as there is always danger that the alizarin when 
formed may be burnt up and destroyed by the oxidising 
agent. On the 6ther hand, the incomplete conversion of 
bisulphanthracenic acid into the bisulphanthraquinonic is a 
source of loss. 
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On September 6, 1872, Meister, Lucius, a»d Briining ob- 
tained a patent based upon the preparation of binitroanthra- 
quinon. 

Purified anthracen melting between 207** and 210*" is 
heated for about three hours in enamelled iron vessels 
with a fourth of its weight of potassium bichromate and 
12 parts of nitric acid at 1*05 spec, gravity. The resulting 
crude anthraquinon is dissolved in 6 parts of boiling nitric 
acid, spec, gr. 1'5. The solution is known to be complete 
when a portion no longer deposits anthraquinon on cooling. 
The liquid now contains mononitroanthraquinon, which is 
deposited as a yellow precipitate on the addition of water. 
This is washed and dried and heated with 9 to 12 parts soda- 
lye at spec, gr. 1*3 to 1'4 to 170° to 220** in suitable vessels. 
The heat is withdrawn, when a sample taken out no longer 
shows an increased precipitate on the addition of hydro- 
chloric acid. The mass is then cooled, dissolved in boiling 
water, filtered, and the colouring-matter precipitated from 
the hot filtrate by the addition of an acid. 

The residue on the filter, consisting chiefly of anthra- 
quinon, can be re-nitrated and again worked up. The acid 
mother-liquor of the mononitroanthraquinon and the acid 
recovered by the condensation of the vapours volatilised 
during the conversion of the anthracen to anthraquinon can 
of course be used again. 

On April 16, 1874, G. Auerbach and Th. Gessert obtained 
a patent for alizarin and isopurpurin, according to which 
anthracen is heated with sulphuric acid to 250° : the sulpho- 
compound formed is either first purified with lime, or at once 
melted with alkali, and the melt treated with acid in the 
usual manner. 

Of subsequent patents, those of HoUiday and Sons and of 
Gauhe of Barmen are mere repetitions of earlier processes. 
That of Gauhe is almost an exact copy of the Gessert- Auer- 
bach patent, with this only diflference, that Gauhe calls thj9 
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Bulpho-acid which he obtains by heating anthracen to 
250° C. with sulphuric acid * anthracendisulphuric acid.' 
Hollidaj converts the anthraquinon into bibrom- or bichlor- 
anthraquinon, and converts this into bisulphanthraquinonic 
acid by treatment with sulphuric acid. The colour is then 
obtained by the usual treatment with alkali. 

Of all these methods, two only, that of Graebe, Lieber- 
mann, and Caro (oxidation of anthracen to anthraquinon and 
conversion into sulphoquinonic acid), and that of Perkin 
(dichloranthracen), are practically applicable. The former 
has, however, an advantage over the latter, as it yields 
almost exact quantitative results, whilst the dichloranthracen 
method involves not inconsiderable loss and many tedious 
operations. 

The remaining methods, bromanthraquinon, &c., are im- 
practicable on account of the high price of the raw mate- 
rial and the troublesome nature of the necessary apparatus ; 
or, as in case of sulphanthracenic acid (direct oxidation of 
anthracen with sulphuric acid), they yield isomeric sulpho- 
compounds, which on further treatment with alkali yield no 
alizarin. 

The main advantage of Graebe, Liebermann, and Caro's 
process as compared with that of Perkin is the possibility of 
obtaining at will any desired tone, from the most blue, i.e. 
pure alizarin, to the yellowest isopurpurin, whilst on the 
dichlor-method the yellow tones only are produced. These 
yellow alizarines, however, are distinguished from the 
yellow alizarin prepared from anthraquinon by the bright- 
ness of the rose and violet shades which they yield, due pro- 
bably to the large amount present of flavopurpurin, which, in 
spite of its yellow cast, gives a beautiftil violet and a bright 
rose. 

As already stated above, alizarin is formed only from the 
monosulphanthraquinonate of soda, whilst the various disul- 
pho-compounds yield trioxyanthraquinon. To prepare a 
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pure or blue alizarin a pure monosulphoanthraquinonic acid 
must be obtained. The method laid down under monosulph- 
anthraquinonic acid is therefore followed, and the salts are 
purified by repeated crystallisation or by other suitable 
methods. The monosulphanthraquinonate of soda finally 
obtained, known by manufacturers as silver-salt, is heated 
with 3 to 4 parts of caustic soda in aqueous solution, and 
melted till a specimen on mixture with acids shows no 
further increase in colouring-matter, and all monoxyanthra- 
quinon has been converted into alizarin. 

The fusion with alkali is one of the most important steps 
in the whole manufacture of alizarin. The addition of water, 
the temperature, the duration of the melting, are of the 
greatest moment. If too much water is added, we obtain 
either hydro-products or only oxyanthraquinon, as also 
happens if the temperature is too low. If the heat is too 
great, a part of' the melt burns and a dirty green paste is 
obtained, which dyes greyish shades. If it is heated too long 
or too slowly, a pai't of the sulpho-salt is reduced to anthra- 
quinon, which cannot be easily separated from the alizarin, 
since the alkaline solution of alizarin is exceedingly difficult 
and tedious to filter. To avoid this reduction it has been 
proposed to add to the melt oxidising agents or to force in 
air. In melting in the so-called baking-ovens, where the 
melt is spread out in very thin layers, the air finds ready 
access to the mass, and may thus prevent reduction. If the 
melting is performed in these ' baking-ovens,' the mass 
must be previously concentrated in other vessels down to the 
proper consistence before it can be placed in the flat pan- 
like trays. This occasions double labour, and gives oppor- 
tunity for loss. It is better therefore to complete the 
melting in a single apparatus, and for this purpose the most 
suitable are iron boilers with strong edges, capable of being 
closed air-tight, and of bearing a pressure of several atmo- 
spheres. The sulpho-salt of soda, with the necessary quantity 



Digitized by 



Google 



152 ANTHItACEN. 

of caustic alkali and water, is introduced into the boiler, 
Btirred well, and heated to 180*'-200°. If a sample taken out 
on the addition of acid shows no increase of colouring matter, 
and if all oxyanthraquinon and sulphoxyanthraquinonic acid 
have disappeared, the operation is at an end. Sulphoxy- 
anthraquinonic acid is determined by taking a small portion 
of the melt, dissolving in water, neutralising with acid, and 
filtering. The filtrate is shaken with ether, whereby the 
alizarin and ieopurpurin are dissolved, whilst the sulphoxy- 
anthraquinonic acid, being insoluble in ether, remains in the 
aqueous solution, and can be detected by the blue colour 
which it gives with potash. To detect oxyanthraquinon and 
anthraflavic acid, an aqueous solution of the melt is heated 
with caustic lime, boiled, and filtered. If the filtrate is 
orange, and deposits yellow flocks on the addition of an acid, 
those substances are still present. 

As on melting under pressure a considerable amount 
of hydrogen is evolved, which reduces the sulphoanthra- 
quinonic acid to anthraquinon, and even to benzoic acid, 
some manufacturers add chlorate of potash to the melt, 
which gives off oxygen at elevated temperatures, and thus 
renders the hydrogen harmless. Instead of the chlorate, 
nitrite of potash may be used. Both, however, render the 
tone of the colour more yellow. 

When the melt is complete, it is diluted with water in 
suitable vessels, heated to a boil, and neutralised with sul- 
phuric or hydrochloric acid. The alizarin is then deposited 
as an extremely fine powder, which is separated from the 
liquid by filtration, or preferably by passage through a filter 
press. It is then washed with water till the washings have 
no longer an acid reaction, and the somewhat thick mass or 
cake is introduced into the stirring apparatus, where it is 
converted into a stiff paste. By determining the amount of 
actual colour, and adding the necessary amount of water, it 
can be let down to the strength desired. The finished paste 
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is now sold in wooden casks. Zinc boxes were formerly 
employed, but must be rejected, as the alizarin gradually 
combines with the zinc, and requires to be liberated from 
the zinc-alizarate formed by the addition of an acid. 

Alizarin paste is commonly sold at the strength of 10 
or 15 per cent., rarely 20. To save freight, it would be 
better to adopt a higher standard ; but practice has show n 
that pastes of a high percentage are not easily diluted with 
water to the strength required in dye-works. Dry alizarin, 
which is very easily prepared, cannot, when ground up in 
water, be reduced into the fine condition in which it is found 
in the paste, and if used in dyeing, it involves loss, and 
renders the goods spotty. 

Pure alizarin can be prepared from the paste in various 
ways. The best method for obtaininfif it in a state of 
chemical purity is to begin with an absolutely pure mono- 
sulphanthraquinonate of soda. 

To prepare it from the paste, it is dissolved in dilute soda- 
lye, and freed by filtration from the undissolved anthraquinon. 
The alkaline solution is mixed with chloride of barium, 
heated to a boil in order to make the precipitate dense and 
granular, filtered, well washed with water, suspended in 
water, and decomposed with an acid. The orange precipi- 
tate is filtered, washed, dried, and sublimed or recrystallised 
from glacial acetic acid, and consists of nearly pure ali- 
zarin. 

Or a rapid current of carbonic acid is conducted into the 
filtered alkaline solution. The violet colour quickly changes 
into red, and as alizarin is but sparingly soluble in sodium 
bicarbonate, it is soon deposited along with the latter com- 
pound tinged red. The alizarin is often found attached to 
the sides of the vessel in beautiful orange crusts. The pre- 
cipitate is filtered off and decomposed with an acid. The 
filtrate has generally but a faint red colour, and, on admixture 
with acid, yields a little impure alizarin. That obtained on 
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mixing the precipitate with an acid yields on sublimation 
splendid crystals. 

Willgerodt employs the following method for the purifi- 
cation of alizarim : After the acids, salts, and the anthra- 
quinon have been removed by known methods, he dissolves 
the alizarin in an aqueous solution of hydrate of potash, 
exactly proportionate to the quantity employed, so as to form 
a perfectly neutral alizarate ; he evaporates to dryness in 
the water-bath, and extracts the finely powdered residue 
with alcohol till the infusions, which were blood-red at first, 
become a brownish-red. They are then collected together 
and evaporated to dryness. The residue is dissolved in water, 
when pure oxyanthraquinon separates as a straw-coloured 
gelatinous precipitate, whilst the portion of the first dry 
residue, which was insoluble in alcohol, consists of pure 
alizarin. This method, however, is only applicable when the 
proportion of alizarin present is known, since oxyanthra- 
quinon has a different molecular weight, whence the amount 
of alkali to be employed cannot be calculated from the crude 
alizarin. 

Grimm's reaction, the action of phthalic acid upon 
phenols, led Baeyer and Caro to the synthesis of alizarin 
from phthalic acid and pyrocatechin. 

If these two compounds are brought in contact with sul- 
phuric acid, the mass, when gently heated, turns a fine rose- 
colour, and yields with water a colourless liquid, which 
becomes of a splended blue on treatment with potassa. 
Phthalein is undoubtedly first formed. If the temperature 
is raised to 140** C, the mixture of the three substances takes 
a brown colour, and after some time water precipitates a 
brown-black mass, which, when well washed with water, is 
partially soluble in alcohol. The residue obtained on evapo- 
ration of the alcohol yields on sublimation alizarin. Professor 
Kundt found its absorption-bands identical with those of 
alizarin. 
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For the sublimation of alizarin the best process is that 
of Schiitzenberger. The alizarin is introduced into a broad 
porcelain crucible, 5 to 6 centimetres in height, and covered 
with a piece of blotting paper and with its lid. It is then 
placed upon a sand-bath, and heated till the layer of sand 
surrounding the crucible reaches a temperature of 250°-280''« 
The alizarin is thus obtained in fine orange-ooloured crystals, 
which are the redder, the higher the temperature. As 
residue, there remains a small quantity of a shining black 
carbon. If pure alizarin is sublimed in a current of carbonic 
acid, it sublimes entirely without residue. 

Experiments on the tinctorial power of artificial alizarin 
compared with the natural have been repeatedly undertaken, 
but with very various results. Whilst some chemists assume 
that natural and artificial alizarin are not identical, others 
maintain the opposite ; and the latter view is the more pro- 
bable, since the artificial alizarin employed was not pure, but 
contained more or less of matters capable of dyeing, but not of 
bearing the clearing process, such as oxyanthraquinon, and 
sulphoxyanthraquinonic acid. Thus CShristie declares that 
tissues dyed with artificial alizarin gave off much crimson 
colouring matter on treatment with soda-lye. Hoog, on the 
other hand, maintains that goods dyed with pure artificial 
alizarin stand soaping better than those dyed with garancin. 

According to Bolley, the alizarin paste of Gessert and of 
Meister and Lucius has from 10 to 12 times the tinctorial 
power of the garanoin made in Italy. Tor Turkey reds, both 
give very brilliant but somewhat yellowish colours, due to 
the presence of a certain quantity of anthrapurpurin. 

Alizarin can be obtained in crystals either by sublima^ 
tion or by solution in ether or alcohol and evaporation* 
From hydrous ether it is obtained in crystals of the formula 
Cj^HgO^ + 3HjO, containing 18*3 per cent, of crystalline 
water. These crystals form needles of a golden lustre, 
resembling aureum musivum. From alcohol, benzol, coal-tar 
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oil, petroleum, and water, it is obtained in prismatic needles. 
It dissolves also in hot acetic acid, which, on cooling, deposits 
it in yellow crystals. If heated to 100** C. it loses its crys- 
talline water, melts at 277°, and sublimes at 215°-240^ Very 
often it volatilises even at 100°. 

In cold water it is almost insoluble. According to Schiit- 
zenberger and Mathieux Plessy, 100 grms. water dissolve — 



At 100° 






0-031 grms. alizarin 


150° 






. 0-035 „ „ 


200° 






• 0-820 „ 


225° 






. 1-700 „ 


250° 






. 8-160 „ 



In cold alcohol also it is sparingly soluble. The boiling 
alcoholic solution is yellow, and on cooling deposits needles 
of anhydrous alizarin. In bisulphide of carbon it is sparingly 
soluble, but readily in hydrocarbons, and the more the higher 
is their boiling-point. 

If the solution of alizarin in hydrocarbons is treated with 
caustic alkaline lyes, the alizarin is withdrawn, a reaction 
which Kopp has availed himself of in preparing yellow 
alizarin from alizarine verte. It is freely soluble in hot wood 
spirit, aceton, and glycerin. Hydrochloric, sulphuric, and 
phosphoric acids do not affect it, and dissolve it very spa- 
ringly even when heated. Sulphuric acid at 66° B. dissolves 
it with a reddish-brown colour. The solution can bear a 
heat of 150° to 200° without change, and on the addition of 
water alizarin is deposited in yellow flocks. Alum and sul- 
phate of alumina dissolve it but sparingly even at the boiling- 
point, and on cooling almost all the alizarin is redeposited. 
Nitric acid attacks alizarin with the evolution of red vapours, 
and formation of phthalic and oxalic acids. 

Ci.HgO, + 2 HjO + Oio= CgHe04 + 3 C^Ufi,. 

Alizarin. Phthalic acid. Oxalic acid. 
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Schunck also oxidized it by boiling with ferrous salts 
(chloride or nitrate). 

If heated with zinc powder it yields anthracen. This 
reduction is performed like an ultimate organic analysis. 
The alizarin is mixed with zinc powder and introduced into 
a tube the anterior portion of which is filled with a long 
layer of pure zinc powder. It is then gradually heated to 
redness, beginning at the anterior end. Anthracen is then 
deposited in fine leaflets in the anterior portion of the tube, 
which is kept cool. 

If alizarin is treated with nitrous acid, the result is anthra* 
quinon. 

In order to effect this reaction, alizarin is dissolved in con- 
centrated sulphuric acid, and nitrate of potassa is gradually 
added or nitrous acid is conducted into the solution. The 
original bright-red colour of the solution soon passes into a 
brown ; and if a drop of the mixture is placed in dilute soda- 
lye, there appears no longer the violet colour of alizarin but 
a yellowish-red. On further addition of nitrous acid, the 
colour of the solution becomes finally a deep pure yellow, and 
a drop no longer gives any colouration with alkali. On dilu- 
tion with water a precipitate is formed, which on filtration 
appears with a greenish-yellow colour, and with zinc powder 
and soda-lye produces the red reaction of anthraquinon. It 
is capable of sublimation, and has the same- melting-point as 
anthraquinon. The filtrate is a pale yellow, and if mixed 
with carbonate of lime and the lime thrown down with car- 
bonate of soda, and the filtrate evaporated to dryness, an 
orange-yellow salt is obtained, which, if melted with alkali, 
indicates a monosulpho-anthraquinon compound. The course 
of the reaction may be as follows :— 
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COH 

-CO— C COH 
CeH, I I II I 

— CO— C CH 



^Q2 +4N0^+SH,0, 
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— CO— C COH 
CeH, II II I 

— CO— C CH 



=CeH 



CO 



CO 



\h. 



C— SO,H 
— CO— c 



-^^ 



\l 



+ C,H, I I II I \H +H,0+^NO,H. 
— CO— C CH 



\h 

Natural alizarin yields the same results, and the above- 
mentioned colour reaction indicates that the alizarin is first 
converted into monoxyanthraquinon and then into anthra* 
quinon, 

Purpurin and isopurpurin, if submitted to the same re- 
action, yield the same ultimate result, but do not appear to 
be first converted into alizarin. 

In many respects alizarin behaves as an acid, in which 
two atoms of hydrogen can be replaced by a metal. The 
potassium, sodium, and ammonium salts are readily soluble 
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in water ; the rest either quite insoluble or very sparingly 
soluble. The potash and soda salts are of a deep violet 
colour, but if their aqueous solution is exposed to the air for 
some time it becomes red. This is due to the formation of 
potassic or sodic carbonate, in which alizarin dissolves with 
a red colour. The soda salt may be obtained in ciystals by 
dissolving alizarin in hot alcohol and mixing this liquid with 
a slightly alcoholic solution of sodic hydrate. The mixture 
is then allowed to cool to 35% and ether is added, when sodic 
alizarate is deposited in fine needles of a deep violet, almost 
black colour. 

Phosphates, pyrophosphates, arseniates, arsenites, borates, 
silicates, &c., indeed all alkaline salts with a basic reaction, 
dissolve alizarin with a reddish-violet colour, giving up a 
part of their base in the alizarin. 

Eugene Schall proposes to use alizarin as an indicator in 
titration. A solution of alizarin is far more sensitive than 
one of litmus, as by its nieans we may recognise ^—^ of alkali, 
whilst a neutral solution of alizarin strongly diluted is 
turned yellow by 0*0007 of hydrochloric acid. 

The solution of alizarin is prepared by boiling excess of 
alizarin with a drop of carbolic acid in potassa-lye and filter- 
ing when cold. Such a solution keeps well, but without the 
carbolic acid it is decomposed in a few weeks. The reaction 
is more marked if we first supersaturate with an acid and 
then titrate back with an alkali. As soon as the yellow colour 
passes into rose, the acid is neutralised and the slightest 
excess of alkali is indicated. If we saturate an alkaline solu- 
tion with an acid, the reaction is less striking, and traces of 
lime, alumina, &c., have a very disturbing effect. 

Ammonium Alizarate and Alizaramid and AlieaHn. 

The transformation of alizarin by means of ammonia has 

been examined by Schiitzenberger and Paraf ; that of pur- 

r 
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purin by Stenhouse and Schiitzenberger. The latter chemist 
named the products amids, but ascribed to alizarin the for- 
mula — 

C^H^ANH, or 2(C,oHj,Oe)3NH3, 

according to which the compound of alizarin and ammonia 
would be formed without the accession of water. This very 
improbable formation, according to him, holds good also in 
the action of ammonia upon quercetin and haematoin. Sten- 
house proposes for purpurin the formula C33H20N2O10. 
Schiitzenberger regarded it as a true amid, with the formula 
CjoHijNOg. Schiitzenberger and Paraf, however, have pro- 
bably, as would appear from their description, operated upon 
an impure substance, 

To obtain accurate results it is needful above all things 
to set out with a pure alizarin. Liebermann and Troschke 
purified ordinary commercial alizarin by Axierbach's method, 
i.e. by dissolving it in dilute soda-lye and treatment with 
carbonic acid. If this process is several times repeated, and 
the resulting alizarin is then repeatedly extracted, with 
baryta-water, it is ultimately obtained in a state of purity. 

Liebermann and Troschke acted upon alizarin with am- 
monia at temperatures between 150° and 200**. If the action 
is more prolonged, the same results are obtained at 100° C, 
If very concentrated solutions are employed, only a single 
product is formed by the reaction. ThJs is precipitated in 
reddish-brown flocks on the addition of acids to the purple 
solution. In order to purify it from a little unmodified 
alizarin as well as from traces of another product of the re- 
action, the precipitate is treated with baryta-water, when 
only the barium salt of the new compound dissolves with a 
blue colour. The solution is again precipitated with an acid, 
and the precipitate is recrystallised from boiling alcohol, 
rrom this solution the new compound separates in the form 
of fine brown needles, possessing, when dry, a metallic lustre. 
They dissolve in alcohol relatively very easily with a brownish- 
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yellow colour, and are readily soluble in alkalis and alkaline 
earths even in the cold, forming purple solutions. They 
melt at about 250® to 260% and, if cautiously heated, sublime 
without decomposition^ This compound is formed in ac- 
cordance with the equation — 

According to the empirical formula it is doubtful whether 
an OH of the alizarin has been replaced by NHj, or an O of 
the quinon group by NH, and consequently whether its 

rational formula is 

(NH, 



or — 



OH 

[(OH), 
O 
NH. 



Further investigations have proved that the former view 
is correct. This appears fipom the composition of the barium 
salt obtained by boiling with carbonate of baryta, which is 
(Ci4HgN03)2Ba, and shows only one OH in the combination ; 
whilst the second formula would have to contain two atoms 
of hydrogen replaceable by barium, and consequently almost 
double the amount of that element. The barium salt, more- 
over, even on careful evaporation, is resolved into BaCOj and 
free amid by absorbing CO,. 

A further argument for this constitution is offered by the 
decomposition of the substance by nitrous acid in a hot alco- 
holic solution. It is entirely converted into oxyanthra- 
quinon, completely identical with that abeady described, 
whilst nitrogen gas escapes. The origin of the oxyanthra- 
quinon can be explained in accordance with the first formula. 



CuHs 



H0 + N0,H+H,=N, + 2 H,0+Ci,HJ)^^ 

O, l'^^- 
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Dilute alkaHiie solutions of alizarinamid are not clianged 
on boiling. If melted with potash, there is formation of ali- 
zarin, but the change takes place slowly. Alizarin is obtained 
very completely by the action of pure hydrochloric acid. 
This, on boiling, dissolves a considerable quantity of the amid 
unchanged ; but if heated to 250°, pure alizarin is formed, 
which fills the tube with long orange needles resembUng 
sublimed alizarin. 

Ammonia acts in the same manner upon purpurin, form- 
ing purpurinamid or amidobioxyanthraquinon. 

If the tubes in which alizarin is exposed to the action of 
ammonia are filled, not with a solution of an ammoniacal 
salt, but with large quantities of the flocculent precipitate 
of alizarin with the addition of strong amm.onia, there is 
formed along with a predominating quantity of the above- 
mentioned product a second also, which is deposited in the 
tube in dark crystals, whilst alizarinamid remains in solution. 
It is an ammonia compound, which loses ammonia if boiled 
with dilute soda- lye, if heated with hydrochloric acid, and if 
evaporated to dryness at 120°. After digestion with dilute 
hydrochloric acid, the compound has the formula Cj^HyNOj, 
and is therefore formed according to the equation — 

or is obtained from alizarinamid as an intermediate product 
of the loss of water. 

Ci,H3N03-H,0=Ci4HyNO,. 

It crystallises in forms closely resembling those of the 
foregoing compound, is scarcely soluble in ammonia ; dilute 
alkalis dissolve it slightly in the cold, but freely and with a 
purple colour at 100°. Acids precipitate it from this solution 
in red flocks, resembling alizarinamid. On treatment with 
baryta water, however, the latter yield an insoluble deep- 
violet salt of baryta. Liebermann and Trauschke gave this 
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componnd the name of alizarinimid, and its composition may 
be represented either by the formulai — 

r/NH j'OH 

CuHJ~? or C„HJ=f^ 

Ko i\0 

Calcivm AUza/rate. 
Ci,H6(Ca02)(02) +HaO at 100° C. 

This salt is obtained by the decomposition of the potash 
salt with chloride of calcium. It is insoluble in water ; of a 
beautiful purple violet when moist, but almost black when 
dry, as it loses its crystalline water. The dry salt becomes 
yellow and of a metallic lustre if heated in a silver capsule. 
The aifinity of alizarin for calcium is very great, and its 
alkaline solutions are completely precipitated by chloride of 
calcium or hydrate of lime. 

Bcmum Alizarate. 

Ci,H6(BaOj)02 + H20 at lOO'' C. 
Ci,Hg(Ba02)0a at 120° C. 

This compound, like the lime salt, is obtained by mixing 
the alkaline solution of alizarin with chloride of barium. 
It is deep violet when moist, almost black when dry, and 
sparingly soluble in water. If heated with very concentrated 
potash-lye, it gives up alizarin to the alkali ; but on the 
addition of water barium alizarate is again deposited. If, 
however, alcohol is used instead of water, the potassium ali- 
zarate remains in solution,, and is not precipitated as barium 
alizarate even by an excess of alcohol. 

It was formerly supposed that barium alizarate, if sub- 
mitted to dry distillation, yielded a sublimate of anthraquinon. 
It appears, however, that this anthraquinon was merely an 

li 2 
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impurity of the artificial alizarin which had been precipitated 
along with the barium alizarate. 

Aluminium AUzarate, {Ci^'H.q{0^)^A120^ (?). 

This compound is obtained by precipitating an alkaline 
' solution of alizarin with alum or hydrate of alumina, or by 
mixing the alcoholic solution with gelatinous alumina. It 
may also be obtained by boiling acetate of alumina (red 
liquor) or sulphate of alumina with very dilute alizarin paste. 
It is a very fine red, more or less inclining to a rose. 

Lead Alizarate, Cj^Hg(PbOa)02. 

This compound is obtained from the alcoholic solution of 
alizarin by mixing it with an alcoholic solution of sugar of 
lead. It then appears as a precipitate varying from purple 
red to dark red. But if an alkaline solution of alizarin is 
mixed with aqueous sugar of lead, the precipitate is more 
violet. 

Almost aU other salts can be obtained by double decom- 
position of an almost saturated alkaline or ammoniacal solu- 
tion of alizarin with the corresponding soluble metallic 
compounds. The following table shows the colour of the 
different metallic alizarates as precipitated : — 



Strontium chloride 
Magnesium sulphate 
Magnesium chloride 
Ferrous chloride • 
Ferric chloride 
Chromic chloride . 
Copper sulphate . 
Lead basic acetate. 
Mercurous nitrate . 
Mercuric chloride . 
Copper, ammonio-chloride 
Tartar emetic 
Stannous chloride . 
Stannic chloride . 



violet, slightly reddish. 

blueish violet. 

dark violet. 

blackish violet, 
brown black. 

brownish violet, 
brownish-red violet, 
violet, slightly brownish, 
dark- violet black, 
dark violet, 
deep violet, 
reddish-yellow violet, 
reddish violet, 
pure violet. 



Digitized by 



Google 



NltROALIZAItlN. 165 

Nitroalizwriny C^^B.f^{lHO^){OB)fi^. 

Perkin obtained this compound fipom diacetylalizarin, 
Ci4Hg(CjB[30)204, by the action of nitric acid. Rosenstiehl 
gives the following m^ithod for its preparation. Large flasks 
are coated internally with alizarin paste, which is allowed to 
dry, and they are then filled with the fumes of hyponitrous 
acid. After a few minutes the flasks are rinsed out with 
water and the insoluble part treated with soda. The soda 
salt of nitroalizarin dissolves in pure water, but is very 
sparingly soluble in presence of excess of alkali. Nitro- 
alizarin is also obtained if we dissolve alizarin in glacial 
acetic acid and add nitrite of potassa. The nitro-compound 
is farther obtained by treating alizarin dissolved in alcohol 
with nitrous acid ; but in both these cases the yield is unsatis- 
factory, as a part of the alizarin is destroyed. Free nitro- 
alizarin crystallises from chloroform in orange-red scales with 
a green reflection. It is capable of sublimation, but a large 
portion is destroyed. The compound which it forms with 
metallic oxides is more permanent than the corresponding 
alizarin derivatives. With iron mordants it gives a dark-red 
violet, but with aluminous mordants a fine orange-red. 

On reduction, this compound yields, according to Perkin, 
amidoalizarin, but according to Eosenstiehl it forms two 
colouring matters which have not been closely examined. 

Diacetylaluarin^ G^^H^q * COCH*^^' 

This compound is obtained by heating alizarin with an- 
hydrous acetic acid at 160° C. From alcohol it is obtained 
as an amorphous powder. 

Mmioacetylalizarin, Ci^HgQA- ' ^O^, 

crystallises in golden yellow scales, and, like diacetylalizarin, 
is easily decomposed by alkalis. 
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Biethylalizaririy Gi^'HQ{G^'ELfi)fi^. 

This componnd was obtained by Schiitzenberger, on 
heating iodide of ethyl with sodium alizarin. 

Ci,He(NaO)a02 + 2 CH^ . 1= Cj^HgCO . C^'El,)^^ -^ 2NaL 

Iodide of ethyl and alizarate of sodium are heated in 
closed tubes to 120°. It is a clear yellow liquid, insoluble in 
water, but soluble in alkalis. 



Bibmzoylalizariny G^^^{OG^'ELfi)fi^. 

According to Schiitzenberger, this is obtained by heating 
chlorbenzoyl with alizarin in sealed tubes to 190** C. It is 
yellow, insoluble in water, soluble in alcohol, out of which 
it crystallises. In the cold it is insoluble in alkalis and 
ammonia. If heated with alkalis, it is decomposed into 
alizarin and benzoic acid. 



Sulphalizarinic Acid. 

Alizarin dissolves in sulphuric acid at moderate tempera- 
tures, but is precipitated unchanged on the addition of water. 
But if the temperature is raised, nothing is precipitated on 
the addition of water, the alizarin having been converted 
into a sulpho-acid. The acid is best precipitated from the 
solution with carbonate of lead, and the precipitate is de- 
composed with sulphuretted hydrogen, when the free acid 
is obtained in solution. With baryta and sugar of lead 
it yields a reddish-violet precipitate. In water the acid 
dissolves in every proportion with a yellow colour, and in 
potash-lye with a beautiful red. If it is melted with 
potash, which requires great care to avoid over-heating, 
the melt takes a violet colour. If supersaturated with acid, 
we obtain a precipitate which partly disappears on washing. 
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The residue remaining on the filter yields, on sublimation, 
a small quantity of a sublimate consisting of yellowish 
crystals, which dissolve in alkali with a violet colour. Tri- 
hydroxylanthraquinon is certainly formed in this process. 

Very similar to this sulphalizarinic acid is the sulpho-acid 
obtained on heating anthracen to 240^-250*' with sulphuric 
acid. If this acid is shaken with ether, the ethereal liquid 
drawn off and shaken with alkali, the latter takes a blue- 
violet colour. If the crude sulpho-acid is neutralised with 
lime for purification, the sulpho-compound of lime separated 
from the gypsum by filtration, and the solution decomposed 
with carbonate of soda, we obtain a deep-red solution of a 
sulpho-compound of soda, whilst the precipitated carbonate 
of lime is coloured a deep violet-blue. On meltiug the red 
sulpho-salt of soda with alkali, we obtain a violet solution, 
from which acids precipitate only a very little fiocculent 
matter. If the melt is not precipitated till it has grown 
cold, we obtain more flocks, which, however, chiefly dissolve 
on washing. Perhaps the sulphuric acid has an oxidising 
effect upon the anthracen, so that sulphoalizarinic acid is 
formed directly. The transformation may be represented by 
the following equations : — 

Cj,H,o+2 SO.Ha =ChH,(S03H)2 + 2 H,0. 

Ci,H«(S03H),+ 3 S04H2=Ci,H6(S08H),02+ 3 SO^ + 4 HgO. 

e,4He(S03H)A + 2SO,H, 

= Ci4H4(S03H)2(OH)a02 + 2 SO2 + 2 H^O. 

The Isomers of Alizarm. 

According to the formula of anthraquinon now univer- 
sally assumed as correct, 10 isomeric bioxyanthraquinons are 
possible, of which nine are known, although not with suflS- 
cient accuracy. These are anthraflavic acid, isoanthraflavic 
acid, anthraxanthic acid, alizarin, quinizarin, chrysazin, 
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frangulic acid, xanthopurpurin, and isalizarin. Concern- 
ing the structure and the position of the hydroxyls, little is 
known; and only in two, alizarin and quinizarin, can its 
position be given with certainty. Some of these isomers 
are true colouring-matters, that is, they dye mordanted 
tissues, whilst others do not. If we compare these bioxyan- 
thraquinons with the mono- and trioxyanthraquinons, we find 
a very interesting agreement. The two monoxyanthra- 
quinons known to us, oxyanthraquinon and erythryoxyan- 
thraquinon, are not dyes ; alizarin and quinizarin, probably 
also xanthopurpurin, are dyes, and the trioxyanthraquinons 
hitherto known are all dyes. Concerning alizarin and 
quinizarin, we know with certainty that both the hydroxyls 
are contained in one benzol-ring ; in the trioxyquinons, two 
hydroxyls are always present in one benzol-ring. Hence 
the remarkable circumstance seems tp appear, that an oxy- 
anthraquinon derivative is only then a dye when at least 
two hydroxyls are contained in one benzol nucleus. Hence, 
xanthopurpurin may perhaps be the anthraquinon derivative 
corresponding to resorcin, whilst in all the other isomers 
the hydroxyls are distributed in both the benzol-rings. 

Quimzariny Ci4Hg04(l'4). 

This substance was first obtained by Grimm according to 
Baeyer's method, the action of anhydrous phthalic acid upon 
phenols, i.e. in this case by heating a mixture of hydro- 
quiuon, phthalic acid, and sulphuric acid. If the melt is 
heated to 130^^-140° C, two bodies are formed — a phthalein 
similar to phenol-phthalein, and a red colouring-matter 
isomeric with alizarin. In order to isolate the latter body, 
quinizarin in a state of purity, the crude melt is extracted, 
first with boiling water, and then with absolute alcohol, the 
latter extract being then precipitated with water Or the 
melt is treated with benzin (boiling-point 110M20*'), which 
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dissolves qninizarin readily, and phthalein but sparingly. 
It is purified by crystallisation from alcohol and ether. Not 
merely hydroquinon, but all the substances which produce 
it, when heated with sulphuric acid, yield quinizarin. Such, 
e.g., is the behaviour of quinic acid, which, if heated with 
sulphuric acid, yields a-bisulphohydroquinonic acid : farther, 
the thiochronate of potassa, from which Graebe's /8-bisulpho- 
hydroquinonic acid is first formed. The sulpho-acids them- 
selves yield this compound ; but it is remarkable that the two 
isomeric bisulpho-acids produce exactly the same quinizarin. 
If we assume that on the displacement of the two sulpho- 
groups phthalein takes their place, we must conclude from 
this behaviour that one of the two isomeric bisulpho-acids, 
on heating with sulphuric acid, is converted into the other. 

Quinizarin crystallises from ether in orange leaflets, but 
from benzin and alcohol in deep-red needles. From the alco- 
holic solution it is precipitated in yellowish-red flocks on dilu- 
tion with water, which, if heated to 100°-] 10°, become dark- 
red and crystalline. The solutions in ether and sulphuric acid 
are distinguished by a greenish-yellow fluorescence. The 
ethereal solution appears brownish-yellow by transmitted 
light ; the sulphuric - solution has a peculiar violet colour, 
which, on dilution, passes into a pale onion-red. A similar 
fluorescence is displayed by the munjistin obtained by Sten- 
house from rubia munjith, a compound which possibly 
stands in the same relation to quinizarin as does purpurin to 
alizarin. 

When heated, quinizarin sublimes in paler or darker 
needles and plumose crystals resembling alizarin, whilst a 
shining carbon is left behind. The melting-point of the 
sublimed body is from 194°-195*^; that of the crystals 
obtained from alcohol 192°-103°. 

With alkalis quinizarin yields blue solutions, with a faint 
violet cast ; the ammoniacal solution displays a violet colour. 
It is most distinctly produced by the alkaline carbonates. 
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With baryta this dye forms a beautiful violet-blue compound; 
with alumina it yields a red lake, with a violet cast ; the 
magnesium compound is a deep violet-blue. The faintly 
alkaline solution is precipitated of a brownish-red by ferric 
chloride, and of a dull red by sugar of lead. 

If the alcohoUc solution is allowed to stand for some 
time, it becomes gradually decolourised, whilst a deep blue- 
violet — sometimes black — ^precipitate is deposited, which re- 
dissolves in alcohol with a blue colour. At a boiling heat 
the alkaline solution is decolourised by zinc powder, but re- 
sumes its original colour on exposure to the air. 

Quinizarin is not merely isomeric with alizarin, but is 
most closely related to it, since it is a derivation of anthra- 
cen, diflfering merely in the position of the hydroxy Is (1*4), 
which, in alizarin, are 1*2. If the vapours of quinizarin 
are passed over heated zinc powder, we obtain white shining 
leaflets, melting at 210'*-212% and forming, with picric acid, 
a red compound. If treated with glacial acetic acid and 
chromic acid, they form a compound capable of sublimation, 
melting at 273% and having the exact appearance of anthra- 
quinon. 

Quinizarin behaves with aluminous and iron mordants 
differently from alizarin. It dyes with difficulty, and pro- 
duces quite different shades. With aluminous mordants it 
gives a faint bluish-rose, and with iron a slate-grey. But 
with a mixture of both — ^the mordant for alizarin brown — ^it 
gives tolerably vivid violet shades, which do not, however, 
equal the beauty of alizarin violet. 

The ethereal and sulphuric solutions of quinizarin display 
several characteristic absorption-bands. 

Anthraflavic Acid, Isoanthraflavic Acid, amd Anthrawanthic 

Acid. 

Like monoxyanthraquinon, these bodies are the first pro- 
duct of the action of melting alkali upon the bisulpho-acids 
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of anthraqninon, and as the first must be regarded as the 
connecting-link between the monosulpho-acid and alizarin, 
the anthraflayic acids form a transition from the bisnlphan- 
thraqninonic acid to the vaiious trioxyanthraquinons, or 
purpnrin. 

Concerning the position of the hydroxyls in the three 
anthraflayic acids, nothing is known with certainty, bnt the 
probability is that they are distributed over both benzol- 
nuclei. It appears as if the property of benzol to form bi- 
sulpho-acids only with difficulty extended also to the benzol- 
rings in anthraquinon. On the first action of sulphuric acid 
upon anthraquinon, there is formed monosulpho-acid ; on 
further action there are formed, indeed, bisulpho-acids, 
which, however, on fusion with alkali, yield neither alizarin 
nor quinizarin (whose position is certainly known), but the 
anthraflayic acids, and then very easily trioxyanthraquinons. 
These bisulpho-acids, therefore, correspond to two mono- 
sulphobenzolic acids, connected by the group 

—CO- 



-Ao- 



The trisulpho-acids have hitherto not been examined, but 
the products arising fi:om their reaction with melting alkali 
will in any case be colouring-matters. 

The body described some time ago by Eosenstiehl as 
anthraflavon appears to be a mixture of anthraflayic and 
isanthraflavic acids. As this body is formed by heating 
metoxybenzoic acid with sulphuric acid, both hydroxyls in 
anthraflayic acid and isoanthraflavic acid must be distributed 
in both benzol-rings ; and the distinction between these two 
acids, corresponding to metoxybenzoic acid, and taking the 
meta-position, may be due to the diflFerent position of the 
connecting CO groups. 

As for anthraxanthic acid, very little is known about it, 
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and information is wanting from which of the isomeric 
bisnlphanthraqninonic acids it is formed. 



Anth/rajlavic Acid. 

This compound was discovered by Schunck in artificial 
alizarin. In his first paper on the subject, Schunck gave it 
the formula CjgHjoO^, and as this was very improbable, on 
account of its relations to anthracen and alizarin, Graebe 
and Liebermann declared it erroneous, and pronounced 
anthraflavic acid identical with monoxyanthraquinon. 
Perkin, and also Auerbach, who subsequently examined 
this compound, proved the correctness of the former as- 
sumption, but showed at the same time that anthraflavic 
acid was a new body, isomeric with alizarin. Schunck, who 
regarded it as methylalizarin, found, on preparing methyl- 
alizarin, and comparing the properties of the two bodies, 
that his supposition was erroneous. 

Anthraflavic acid is formed on melting a-bisulphanthra- 
quinonate of soda with alkali at a low temperature, and 
with abundant dilution. The melt, which at the same time 
contains sulphoxyanthraquinonic acid and flavopurpurin, is 
boiled with lime, filtered, and the reddish-brown liquid 
precipitated with hydrochloric acid, when yellow flocks are 
separated, and may be purified by recrystallisation from 
alcohol. 

Anthraflavic acid may also be obtained from the so-called 
^yellow alizarin' of commerce by boiling with lime, but its 
separation from isoanthraflavic acid is difficult. . It has been 
obtained synthetically by Eosenstiehl on heating metaoxyben- 
zoic acid with sulphuric acid. 

Anthraflavic acid is light yellow; it crystallises from 
alcohol in long yellow needles containing no crystalline 
water. It is sometimes obtained on the first crystallisation 
from alcohol in yellow leaflets, but on recrystallisation from 
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the same solvent it always appears in the form of yellow 
needles. In glacial acetic acid it is less soluble than in 
alcohol. In benzol, chloroform, and ether, it is almost 
insoluble ; in concentrated sulphuric acid it dissolves with a 
yellow colour. In cold baryta- water it is insoluble ; spar- 
ingly soluble in cold lime-water, and almost insoluble if the 
liquid is hot. From the aqueous solution of the baryta salt, 
carbonic acid precipitates free anthraflavic acid. On boiling, 
however, the salt is reconstituted. Alcoholic sugar of lead 
dissolves it. The solutions in alkalis and alkaline earths 
are of a yellowish-red. It sublimes in shining yellow needles 
or leaflets, and does not dye with mordants. Its melting- 
point is about 330° C. 

Anthraflcuvate of Baryta, G^J3.^2^0^2t H^O. 

This compound is obtained by decomposing the lime salt 
with barium salts, or by boiling anthraflavic acid with the 
hydrate of baryta. It is very sparingly soluble, and on 
prolonged exposure ^ the air it is decomposed. If dried 
over sulphuric acid, it loses much water, and becomes paler 
in colour and duller. At ISO^-ISO"* C. it loses the last two 
molecules of water. 

Tetrcibromcmth/rajlavic Acid, C^^'H^'Brfi^, 

This compound is formed when anthraflavic acid is dis- 
solved in alcohol and a large excess of bromine is added. 
It is almost insolable in all ordinaiy solvents. 

Diacetylanthraflamc Acid, ^14115(02^30)204. 

Obtained by Perkin by the action of anhydrous acetic 
acid upon anthraflavic acid. It crystallises very readily, and 
melts at 227'' C. 
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Diamethylanthraflavic Acid, G^^'BLQ{(jKQ)fi^, 

This compound is formed on heating to 120° C. anthra- 
flavic acid with soda-lye, iodide of methyl, and a little 
alcohol as diluent. In a few minutes the reaction is 
complete. A body is formed, insoluble in alkali, which, on 
recrystallisation from alcohol, is obtained in long, shining, 
pale-yellow needles. It melts at 247^-248° C. 

Diethylanthraflavic Acid, C^^'RQ{C2Tlf^)fi^. 

This compound is formed in the same manner as di- 
methylanthraflavic acid, by means of iodide of ethyl. It is 
insoluble in water, sparingly soluble in alcohol and ether, 
more freely soluble in glacial acetic acid and benzol. It 
dissolves in sulphuric acid with a red colour. This solution 
displays an absorption-band on the borders of the green 
and the blue ; the further portion of the blue is obscured. 
It melts at 232° C. If cooled, even rapidly, the solution 
solidifies in large prismatic crystals. 

Isoanthraflavic Acid, C^^'H.fi^. 

Isoanthraflavic acid is obtained from the /8-bisulphan- 
thraquinonate of soda in the same manner as anthrafiavic 
acid is prepared from the a variety. It also accompanies 
anthrafiavic acid, when prepared from metaoxybenzoic acid. 

In order to obtain it from commercial * yellow alizarin,* 
this is boiled with lime-water, filtered, the filtrate decom- 
posed with hydrochloric acid, the precipitate collected upon 
a filter, well washed, and finally treated with cold baryta 
water, in which isoanthrafiavic acid dissolves as a barium 
salt. On adding hydrochloric acid, we obtain free isoan- 
thraflavic acid. It crystallises from aqueou« alcohol in long 
yellow needles, containing crystalline water. It melts at 
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330*^ C, and is more sparingly soluble in glacial acetic acid 
than in alcohol ; almost insoluble in benzol, chloroform, and 
ether ; soluble in sulphuric acid, with a deep-red colour ; 
easily soluble in cold barj^ta- and lime-water, as also in 
alcoholic acetate of lead. Free isoanthraflavic acid is pre- 
cipitated from the aqueous solution of the barytic salt by 
carbonic acid, which is reformed, however, on boiling. The 
solutions in alkalis and alkaline earths are of a deep-red 
colour. It sublimes in shining yellow needles, and does not 
dye with mordants. 

Isoanthrajlavate of Baryta^ C^JI^BeiO^. 

This salt is readily soluble in water, and crystallises with 
difficulty in dark-red shining needles. On exposure to the 
air it is readily decomposed. If dried at 150°, it loses its 
water of crystallisation. 

Tetrahromiaoanthraflavic Acid, C^^lB-^Brfi^, 

This compound is obtained by dissolving isoanthraflavic 
acid in alcohol, and adding drop by drop a large excess of 
bromine. In a few minutes the solution congeals to a 
crystalline paste of yellow needles, sparingly soluble in 
alcohol, but more freely in glacial acetic acid. 

IHacetyli8oanthrajl(wic Acid^ ^\i^%{S^%^J^)%0^* 

This acid is formed by the reaction of anhydrous acetic 
acid upon isoanthraflavic acid at 160°-180°, and is spai'ingly 
soluble in alcohol, but more easily in glacial acetic acid. 
From the former solvent it is obtained in pale-yellow 
microscopic crystals. They frit together at 175°, and melt 
completely at 195°. If heated with alcoholic potassa, the 
acetyl-group is separated. 
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DiethyUsoanthraflavic Acid, G^^^{C^'BL^fi^. 

To obtain this compound, isoanthraflavic acid is heated 
to 120** with soda-lye, iodide of ethyl, and a little alcohol. 
In a few hours the reaction is completed, and a body is 
formed, insoluble in potassa-lye, and which is obtained in 
long, shining, pale-yellow needles on recrystallisation from 
alcohol. It is quite insoluble in water, sparingly soluble in 
alcohol and ether, more freely in glacial acetic acid and 
benzol. It dissolves in concentrated sulphuric acid with a 
reddish-violet colour. The solution shows two indistinctly- 
developed absorption- bands in the green and the yellow. 
If the solution is more concentrated, an absorption-band 
appears also in the blue. The melting-point of this compound 
is at 193^-194^ 

Anth/rdxcmthic Acid, C^^'Bifi^. 

This acid was discovered by TJlrich and Perger in the 
*new red' of the alizarin manufactory of Przibram and Co., 
and can be obtained by the sulphation of chemically pure 
anthracen only under certain circumstances. According to 
statements hitherto published, this acid takes up no water of 
crystallisation ; it is insoluble in cold glacial acetic acid, and 
sparingly soluble even at the boiling-point; sparingly soluble 
in cold alcohol, but more readily with the aid of heat. From 
hot alcohol it crystallises in small gold-coloured needles, 
which are deposited as the solution cools. It is insoluble in 
benzol, and more readily soluble in ether than in alcohol. 
In concentrated sulphuric acid it dissolves with a red colour. 
It is almost insoluble in cold baryta-water, but dissolves in 
the same liquid when hot, and crystallises on cooling in red- 
brown needles. The ammoniacal solution of the acid is 
completely decomposed and precipitated by baryta-water, an 
excess of which renders it insoluble. In hot lime-water it is 
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sparingly soluble, more easily when cold. It is very slightly 
soluble in cold alcoholic sugar of lead. The solution in 
alkalis is of a fine orange colour, and after a short time, if 
the solutions are not too dilute and if the alkali is in excess, 
the salt crystallises out in splendid felted needles, varying 
in colour from orange to the redness of chromic acid. If 
the solution is suflSciently concentrated, it becomes gelatinous. 
The pure soda salt is easily recrystallised. It is soluble in 
alcohol, from which it crystallises on the addition of ether. 
If heated in a tube with access of air, a portion is decomposed, 
whilst the rest sublimes in splendid iridescent yellow leaflets. 
If melted with alkali, it undergoes no change, and does not 
dye with mordants. 

Chrysaziny C^JIfi^» 

This body was obtained from hydrochrysamid by Lieber- 
mann and Giessel. A sulphuric solution of hydrochrysamid 
is mixed with water till it has a pasty consistence. It is 
kept cool with snow, and a curi'ent of nitrous acid is passed 
through it till the paste liquefies, turns a cherry -red, and till 
nitrous vapours escape unabsorbed. The mass is then intro- 
duced into well-cooled alcohol with constant stirring, and the 
brown-red precipitate of a diazo-compound is quickly removed 
by filtration. It is next heated with alcohol to 60® till 
nitrogen and aldehyd begin to escape, and after the reaction 
is completed it is boiled for some time. A considerable 
quantity of a nitrogenous substance insoluble in alcohol is 
then filtered off, and the alcoholic filtrate is precipitated 
with water, agitated with ether, evaporated to dryness, and 
recrystallised from alcohol or acetic acid* Chrysazin is 
obtained from glacial acetic acid in red-brown, shining 
needles, but from alcohol in golden-yellow leaflets. Both 
forms, however, are identical, and are respectively capable of 
conversion. It melts at 19 1'' C, dissolves in alkalis with au 
orange colour, but only in mere traces in the alkaline carbo- 
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nates and in ammonia. Salts of lime and baryta prodace 
red precipitates. It does not dye with mordants. H heated 
with zinc-powder it yields anthracen. From chrysazin are 
derived chrysammic acid, tetranitrochrysazin, and the* tetra- 
mido (or diamidoimido) chrysazin of hydrochrysamid. 



Acetyhhrysaziny Cj4Hg(O.C2ll30)202. 

It is obtained on heating chrysazin with anhydrous acetic 
acid at 170®. It crystallises from alcohol in yellowish leaflets 
resembling benzoic acid; it is capable of sublimation, and 
melts at 226®-230^ 

Tetranitrochrysazin^ or Chrysammic Acidy G^^'H^{1^0^fi^. 

This compound was first obtained by Braconnot on treating 
aloes with nitric acid, and is also formed, according to W. 
De la Eue and H. Miiller, from chrysophanic acid by the 
action of the same reagent. More recently it has been 
prepared by Liebermann and Giessel by the nitration of 
chrysazin, and submitted to a closer examination. By its 
preparation from chrysazin it has been proved to be a 
derivative of anthracen. De la Rue and Miiller, who advo- 
cated the duplication of the formerly assumed formula CyH^ 
NgOg, regarded chrysammic acid as tetranitrochrysophanic 
acid. But the researches of Liebermann and Fischer, which 
proved that chrysophanic acid is a derivative of methyl- 
anthracen, and the most recent i^vestigations on chrysazin, 
have demonstrated this view as untenable. 

Chrysammic acid, as Graebe and Liebermann formerly 
declared, must be regarded as a tetranitrobioxyanthraqui- 
non, 0143^2(^02)4(011)202. The two hydrogen atoms of the 
hydroxyls can be replaced by metals, yielding the salts 
which have been examined in detail by Schunck, Mulder, 
Stenhouse, and Miiller, and which have the general formula. 
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C,^n^{NO^)^{OM.)fiy This formula also renders inteUigible 
the composition of the body known as chrysammid, and ob- 
tained by the action of ammonia upon chrysammic acid. 
The analyses of Schunck and Mulder agree well with the 
formula proposed by the latter, C,4H3N40ii(C=6 0=8)," 
and cannot therefore be harmonised with the correct atomic 
weight of oxygen on the assumption of only 7 atoms of 
carbon in chrysammic acid. Gerhardt, therefore, regarded 
the above compound as a mixture of C^N^H^Og + CyNjH^Og. 

According to present views the compound in question is 
considered not as chrysammid, but as the ammon-salt of 
amidotetranitrochrysazin, Ci4H2(N02)4(IIjN) (0H)02. The 
ammon-compound is formed in accordance with the follow- 
ing equation : — 



C,4H,(NO,)4 



0, 

OH+2NH3=Ci4H,(NO,)4 

OH 



O, 

NH^ + HP 
IOH.NH3. 



This equation agrees also with the amount of water obtained 
on passing ammonia over chrysammic acid. The behaviour 
of the compound is also rendered intelligible by this view. 
Whilst on treatment with strong acids chrysammic acid is 
re-formed, there is obtained by means of dilute hydrochloric 
or sulphuric acid an intermediate link containing more 
nitrogen than chrysammic acid and having the character 
of an acid. This is evidently free chrysammidic acid, 
C,4Ha(NOa)4(NHj)(OH)02, which Schunck obtained not per- 
fectly free and described as amidochrysammic acid. As this 
chemist observed, the salts of this acid are formed also from 
the ammonia-salt on mixing it with the soluble salts of the 
respective metals. 

For the preparation of chrysammic acid there are various 
methods. According to Stenhouse and Muller, the most 
abundant yield is obtained as follows : 6 vols, of nitric acid 
of spec. grav. 1*36 are placed in a retort provided with a 
good condenser. The acid is heated almost to a boil and 

N 2 
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2 parts of Socotra aloes in small fragments are gradually 
added. At the beginning the additions must be made 
cautiously, avoiding too strong a heat. But when a consider- 
able proportion of the aloes has been added the temperature 
must be raised, and the acid which has passed over is returned 
into the retort. After the whole of the aloes have been put 
in, the heat is continued for ten hours, but in the latter part 
of the time the distillate is no longer returned, so that the 
contents of the retort are finally reduced to half of the original 
volume. To the residue three parts of fresh nitric acid are 
gradually added, and the digestion is continued for six to 
seven hours longer, the acid being finally distilled off. The 
contents of the retort are now introduced into about 4 parts 
of water and well stirred, so that oxalic acid is dissolved 
whilst picric and chrysophanic acids remain insoluble. The 
two latter are collected again, almost dried, and placed in 
a retort with 1 part of nitric acid of spec. grav. 1*45 and 
digested six to eight hours. The residue, consisting of picric, 
aloetic, and chrysammic acids, is washed with boiling water 
by decantation till the, washings appear of a flesh colour and 
the picric acid is removed. The residue, aloetic and chry- 
sammic acid, is dried, digested again in the retort with 1 
part of strong nitric acid, the product washed with hot water 
till the washings run off flesh coloured, then boiled for a few 
minutes with 4 parts of water, and filtered. The last opera- 
tion is repeated three or four times till the filtrate appears 
light-red instead of purple-red. It is then extracted with 
boiling water, to which a slight excess of chalk has been 
added, when the contents of the vessel take a deep-red or 
purple-red colour. On cooling, there appear on the sides 
small needles of chrysammate of lime. They are collected 
and recrystallised from a mixture of equal parts of alcohol 
and water. The crude salt is purified by repeated crystallisa- 
tion alternately from boiling water and from alcohol. Pure 
chrysammic acid is obtained from the concentrated boiling 
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solution of the lime-salt by the addition of a slight excess of 
nitric acid. On cooling, the free acid is thus obtained in 
moderately large golden scales, resembling iodide of lead in 
aspect. 

Chrysammic acid is formed also by treating chrysophanic 
acid with nitric acid. 

Tilden proposes the following method for the preparation 
of chrysammic acid : — A brown, but not too dark, kind of 
Barbadoes aloes is agitated with 7 to 8 parts of boiling water, 
to which a little hydrochloric acid has been added. The 
liquid is then allowed to stand for twenty-four hours, de- 
canted, and evaporated to a syrupy consistence. This syrup 
is allowed to stand for a day or two, when a granular mass 
of crystals separates, and is freed from the mother-liquor by 
pressure. We thus obtain 20 to 25 per cent, of crystals, 
which Tilden names barbaloin. They are dried, powdered, 
and mixed with about 6 parts of fuming nitric acid, to which 
water is afterwards added. Light-yellow crystals are thus 
obtained. The two acids are separated by treatment with 
acetate of potassa. 

Chrysammic acid forms clinorhombic crystals, which 
appear of a golden-yeUow by transmitted light. This 
colour is resolved by the dichroscope into a reddish-brown 
and a yellowish-green. The reflected light, on the other 
hand, is a brilliant bluish-white, and consists of two rays 
polarised at right angles, one of which appears constantly 
bluish-white at every change of incidence, whilst the other 
change^ to yellow, orange, reddish-blue, and to violet. This 
circumstance may be connected with the polychroic character 
of the crystals, if strongly magnified, but viewed by common 
light. Whilst the main colour is a golden-yellow, some 
parts of the crystal appear greenish-yellow, green, blue-green, 
reddish-yellow to brownish-red, a phenomenon which finds 
its explanation in a combination of the transmitted light 
with the rays reflected from the interior of the crystal. 
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Chrysammic acid has a bitter taste; it is sparingly 
soluble in cold and more freely in hot water ; the solution is 
yellowish-red or purple-red, according to the degree of con- 
centration ; it dissolves more readily in spirit of wine (in 
70-80 parts of cold alcohol) and in ether, as well as in 
dilute acids and saline solutions. 

If gradually heated, chrysammic acid melts and is de- 
composed. If rapidly heated, it detonates with violence. 
Fuming nitric acid, with heat, converts it into picric acid ; 
on distillation with chloride of lime and water, or treatment 
with chlorate of potash and hydrochloric acid, there is formed 
chloropicrin. Concentrated sulphuric acid acts upon it only 
in heat, forming chrysoiodin, a violet body, insoluble in water. 
If boiled in dilute sulphuric acid, on the addition of water 
pure chrysammic acid is precipitated as a greenish powder, 
which Eobiquet took for a product of decomposition, and 
named chrysammelid. 

Aqueous sulphide of potassium at a boiling heat reduces 
it to a blue solution of hydrochrysammid. 

If heated with aqueous cyanide of potassium, chrysammic 
acid is converted into chrysocyaminic acid. 

The ammoniacal solution of chrysammic acid is coloured 
first blue and then brown by sulphurous acid. Stannous 
chloride colours the solution of the acid violet, but it becomes 
blue if heated. If an excess of the tin-salt is employed, 
hydrochrysophanate of tin is thrown down as a deep-violet 
powder, but chrysammic acid is reformed on heating with 
nitric acid. 

If boiled with potassa-lye, chrysammic acid turns brown, 
and on the addition of acids chrysatinic acid is precipitated — 
CiaHgNjOio (Schunck), or Cj^HgNaOia (Mulder). This acid is 
somewhat soluble in water, but is precipitated from the 
solution by mineral acids ; it forms, with the alkalis and 
alkaline earths, salts, soluble in water, which are precipitated 
by the salts of silver and lead. 
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Ammonia, dry or aqueous, combines with chrysammic acid, 
with elimination of water and formation of chrysammidic 
acid, CHH2(N02)4(NH,)(HO)(02)'^ 

Chrysammic acid combines with bases, and decomposes 
carbonates and acetates, sometimes even chlorides and sul- 
phates. The salts have the composition, Ci4H2(N02)4(MO)2 
(O)^''; they are coloured, and for the most part sparingly 
soluble in water ; most of them crystallise in needles or scales 
of a golden-green metallic lustre ; they lose their crystalline 
water at 120^-150°, and often detonate if rapidly heated. 
Their optical properties have been examined by Brewster 
and Haidinger. 



Chryaammate of Potassa, C^^'H^{NO^)^{O^Y'(KO\ + SKO. 

This salt is prepared by triturating the acid with carbo- 
nate of potassa, and dissolving in hot water, or by boiling the 
acid with acetate of potassa. It forms golden-green scales ; 
or, if separated by rapid cooling, it is a carmine-red powder, 
which, under the microscope, displays a crystalline texture. 
It dissolves in 1250 parts of cold water, but is readily soluble 
in hot water, with a red colour; if dried at 120°, it is 
rendered anhydrous; at higher temperatures it detonates. 
The salt readily adheres to glass on pressure, and displays 
then an interesting dichroism, both by transmitted and by 
reflected light. By transmitted light, polarised in the direc- 
tion of the film, it appears flesh-coloured or blood-red ; if 
polarised perpendicularly to the plane of the film, it is 
carmine-red to crimson. By reflected light, polarised in the 
plane of the film, it appears steel-grey to violet ; or at a 
greater angle of incidence, violet to deep indigo-blue. If the 
light fall perpendicularly upon the film, the colour appears 
of a brassy-yeUow, or at a greater angle of incidence, metallic- 
green to steel-blue. 
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Chrysammate of Soda, G,^'a^{^0^),{0^YXTSB.0)^ + 3'Hfi. 

Prepared in the same manner as the potassa-salt, which 
it closely resembles, and is as sparingly soluble. 

Chrysammate of Baryta^ Ci4H2(N02)4(02)'^(Ba02). 

Obtained by decomposing the hot aqueous solution of the 
potassa-salt with solution of chloride of barium. It is a 
purple-red powder, consisting of microscopic crystals, and 
insoluble in water. 

Chrysammate of Lime, Ci4H2(N02)4(02)"'(Ca02). 

Obtained in the same manner as the barytlc salt. A 
dark-red powder, sparingly soluble in water, more freely in 
boiling alcohol, from which it crystallises in red needles. 

Chrysammate of Magnesia, Ci4H2(N02)404Mg 4-51120. 

Splendid crystals, of a reddish-golden lustre, which on 
drying become of a golden-brown, but if touched with water 
or breathed upon they return to their original colour by 
taking up water. According to Mulder, this salt contains 
6H2O. 

Manganous Chrysammate, Ci4H2(NO2)4(O2)''(MnO2) + 5H20. 

Forms golden-yellow scales of a fine red by transmitted 
light, soluble in water and dilute alcohol. 

The ferroiLs salt is deep violet, and soluble. 

The zinc salt is . purple-red, crystalline, and sparingly 
soluble. 

Chrysammate of Lead, Ci4H2(N02)4(02)"(Pb02) H-SHjO. 

A brick-red insoluble salt, prepared by the action of the 
free acid upon sugar of lead. On decomposing sugar of lead 
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by chrysainmate of potassa, there is formed a deep red pre* 
eiji^tate of a basic salt, Ci4H,(N02)4(0)/'(Pb02) + PbH,Oa. 

Chrysammate of Copper, G^^U^{^0^)JS>)2X^^^2)-^'^^20' 

Obtained as a dark-red powder, by decomposing sulphate 
of copper with the potassa-salt; from hot water it crystallises 
in dark-purple needles. 

Chrysammate of Silvery C^^'S^{'iSO^)^{0)^''{AgO)^. 

Deep violet crystalline needles, sparingly soluble in 
water. 

Chrysammic Ethylic Ether, G^^a^(NO^)^{OJ\G^B.fi\. 

Obtained by introducing the silver-salt into a flask pro- 
vided with a long condensation-tube, adding 6 parts of iodide 
of ethyl, and digesting ten to fifteen minutes in the water- 
bath. The condenser is then replaced by a curved tube, and 
the excess of iodide of ethyl is distilled oflf. The residue, 
which consists of iodide of silver and chrysammic ethyl-ether, 
is extracted by benzol, which, on cooling, deposits the ether in 
hard, dark-brown crystals, which are pulverised and recrystaU 
Used four to five times with benzol, till the crystals appear 
of a pale yellow. It is finally obtained pure by recrystallisa- 
tion from alcohol. In all these operations moisture must be 
avoided, otherwise the ether is decomposed. It crystallises 
from alcohol in hard, pale-red needles, and from benzol in 
hard yellow prisms ; in ether it is sparingly soluble, and in- ' 
soluble in bisulphide of carbon. If enclosed in a tube, it 
melts, and is decomposed; on platinum-foil it burns quietly. 

Chrysammic Benzoylether, C^J[^{lSO^)^{0^){O.GjIS:fi)r 

Obtained by heating together chrjsfvtnmic acid and ben- 
zoylchloride. It forms yellow prismatic crystals, insoluble 
in most liquids. 
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Chrysammic acid dyes upon silk and wool beautiful 
sliades, varying, according to the mordant, from * corinthe '- 
violet (a reddish-brown violet) to blue. 



Chrysammidic Acid, G^;EITS0^^{WB.^)011{0^'. 

Discovered by Schunck, who gave it the name of amido- 
chrysammic acid. He expressed its composition by the 
formula Ci4H4N,Oii, which agrees well with the numbers 
which he obtained. Graebe and Liebermann give it the 
formula C,4HjN30ii, and regard it as a derivative of chry- 
sammic acid, one hydroxyl being replaced by an amid group. 

It is obtained, according to Schunck, as follows : Chry- 
sammic acid is boiled with aqueous ammonia. The acid 
dissolves, forming a dark-purple liquid, which, on cooling, 
deposits crystalline needles of a reddish-brown colour by 
transmitted light, but by reflected light having the green 
metallic lustre peculiar to the salts of chrysammic acid. 
This substance, however, is not chrysammate of ammonia, 
for on adding an acid this salt is not separated. It is the 
ammon-salt of chrysammidic acid. The formation of this 
salt takes place according to the equation 2 — 

C.,H,(NO,),ggo,+2NH,=C,«H,(NO^,g=|^0,+H,0. 

If to the hot aqueous solution of this ammon-salt hydro- 
chloric acid or dilute sulphuric acid be added, free chrysam- 
midic acid separates on cooling in dark needles, which, when 
filtered, washed, and dried, have a deep olive-green colour. 

The acid dissolves in water with a dark-purple colour, 
and is partially reprecipitated by strong acids, with or with- 
out the purple colour passing into yellow. On boiling with 
potassa solution ammonia escapes, and chrysammic acid is re- 
,formed. On boiling with nitric acid it is likewise converted into 
chrysammic acid, with the escape of red fumes. The same 
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change may be produced by concentrated sulphuric acid, but 
dilute acids have no action. The salts of chrysammidic acid 
have nearly the same appearance and the same properties as 
the corresponding chrysammates. If heated, they detonate 
with the same violence. They may, however, be easily distin- 
guished from the chrysammates by evolving ammonia, if 
heated with an alkali. The insoluble salts may be obtained 
from the potassa-salt by double decomposition, or direct from 
chrysammidic acid by the addition of ammonia and the 
soluble metallic compound requisite. 



Chrysammidate of Potassa, C^JI^(!>iO^\(0^)QSB,^)(KO) . 

Obtained by treating the free acid with a cold solution of 
carbonate of potassa, washing away the excess of alkali with 
excess of water, and crystallising from boiling Wtter. It 
crystallises in small needles, of the same metallic-green lustre 
as the chrysammate of potassa. 



Chrysammidate of Baryta, [C^^'aj^'S0^)^{0^)KB.fi']^B2i. 

K to an aqueous solution of chrysammidate of ammonia 
chloride of barium is added, no precipitate is formed in the 
cold, and the liquid retains its purple colour. On prolonged 
boiling, chrysammidate of baryta is gradually deposited as a 
dark-red crystalline powder. A long time is required, how- 
ever, before the liquid loses its purple colour and the chry- 
sammidate of ammonia is completely decomposed. If to 
a solution of chrysammidate of ammonia there be added 
chloride of barium, and afterwards ammonia, chrysammidate 
of baryta is at once precipitated, and the solution becomes 
colourless. The salt is red and crystalline. 
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Hydrochrysammidy Tetramido or Diamidoimddo Chrysazin, 
C.,H.,N,0,. 

This body is a reduction-product of chrysammic acid, 
discovered by Scliunck. He proposed the formula C^HgNjOj ; 
but Graebe and Liebermann double this formula, and 
deduct 2 atoms H, making it Ci4E[jQN40g. In favour of this 
view we have not merely Schunck's own analyses, but the 
formula poorer in hydrogen is supported by the observation 
of Stenhouse and Miiller, that on the reduction of chrysam- 
mic acid in closed vessels a colourless substance is formed, 
which only passes into blue hydrochrysammid on contact 
with the atmospheric air. The same colourless compound, 
according to Stenhouse and Miiller, is obtained by treating 
hydrochrysammid with reducing agents. According to 
Schunck's formula, hydrochrysammid is a tetraoxy-conipound, 
Ci4H2(NHj)2(N02)(OH)4; according to that of Graebe and 
Liebermann itis abioxyquinon, or triamidonitrobioxyanthra- 
quinon, Ci4H2(NH2)3NO,(02)OH2. The recent investigations 
of Liebermann and Graebe have shown that neither of these 
assumptions is correct, but that all the nitro-groups are 
replaced, by amido-groups, and that the true formula of 
hydrochrysammid is consequently C,4Ha(NH2)4(OH)202. 

Still they admit that a formula which contains, instead of 
four amido-groups, only two amido- and two imido-groups, is 
not impossible. According to Schunck's formula, the origin 
of the colourless reduction-product can only be explained by 
assuming that the last nitro-group is also reduced. The 
new formula of Liebermann and Giessel explains the origin 
of this body very naturally ; there is formed by the action of 
reducing agents a tetramidobioxyhydroanthraquinon, which, 
like hydroanthraquinon, is immediately oxidised on contact 
with the air. 

Schunck obtains hydrochrysammid as follows : — He pre- 
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pares a boiling solution of sulphide of potassium, containing 
an excess of caustic potassa, and adds chrysammic acid. This 
dissolves with an intense blue colour, and on cooling there 
is separated a mass of crystalline needles, blue by transmitted 
light, but having a red metallic lustre by reflected light. 
After filtration, washing and drying, they form an indigo- 
blue, almost black crystalline mass, which is purified by 
solution in boiling potassa-lye and crystallisation. 

Hydrochrysammid can also be obtained by treating 
chrysammic acid with dilute muriatic acid and zinc, or with 
hydriodic acid, to which some phosphorus is added, to avoid 
separation of iodine. If chrysammic acid is suspended in 
water, and then treated with sodium amalgam, there is 
formed a purple solution, containing hydrochrysammid. 

Hydrochrysammid is perfectly neutral* If heated upon 
platinum foil, it is decomposed without the slightest detona^ 
tion, and leaves, if perfectly pure, no ash. If heated in a 
small glass tube, it yields violet vapours, which condense on 
the cooler parts of the tube in blue crystals. The larger 
portion, however, is decomposed with th^ escape of ammonia 
and the separation of carbon. 

Hydrochrysammid is insoluble in boiling water, and 
sparingly soluble in boiling alcohol, to which it imparts a 
slight blue colour. It dissolves in concentrated sulphuric 
acid with a brown colour, and is reprecipitated on the 
addition of water. If, however, only a small quantity of 
water be added, the whole solidifies, forming a mass of long 
yellow needles of the sulphate. 

It is decomposed by boiling nitric acid. If diffused in 
water through which a current of chlorine gas is passed, it is 
gradually decomposed and dissolved. 

It dissolves in potassa-lye and in alkaline carbonates, the 
solution having the same colour as sulphindigotic acid ; acids 
reprecipitate it in blue flocks. 

If treated with boiling nitric acid, much nitrous acid 19 
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evolved, and on the completion of the reaction a dark-brown 
liquid remains. On evaporating to remove excess of acid, 
a brown syrup remains^ and on the addition of water a brown 
powder is deposited. This resembles the brown compound 
produced by the action of potassa-lye upon chrysammic acid. 
If this brown powder is filtered off, the evaporation leaves 
a considerable quantity of oxalic acid. The filtrate fix)m this, 
if mixed with potassa-lye, smells strongly of ammonia. 



Chrysocyammic Add. 

The product of the reaction of cyanide of potassium and 
chrysammic acid. It is obtained by adding 1 part of chry- 
sammic acid to a solution of 2 parts cyanide of potassium in 
12 to 15 parts water at about 60**. The liquid becomes hot 
and evolves ammonia and hydrocyanic acid. Afber some 
hours' digestion there is formed an imperfectly crystalline 
precipitate, which is filtered, pressed, and purified by repeated 
recrystallisatioD. Pure chrysocyammic acid is then obtained 
by solution in dilute nitric acid* When dry it has a metallic 
lustre, is insoluble in water, but soluble in alcohol. At 120** 
it loses 3 equivalents of water and detonates when heated. 
It is a monobasic acid, the general formula, according to 
Finkh, being MO.CigHjNjOu. The alkaline salts are crystal- 
line, and soluble in water; most of the metallic salts are 
insoluble, and are obtained by double decomposition as dark- 
red crystalline precipitates. The salts detonate when heated 
as violently as gunpowder. 

The potash salt is a dark, crystalline powder, reddish- 
brown when dry and of a metallic lustre when pulverised. 
It dissolves in water with an intense deep-violet colour, and 
loses all its water at 1 20^ 

The ammonium salt is obtained by decomposing the 
potash salt with sal-ammoniac, and forms dark-green needles. 
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It IS more sparingly soluble and more readily crystallised 
than the potash salt. 

The barium salt is obtained on precipitating the ammo-» 
nium salt with chloride of barium ; it is a red-brown powder, 
of metallic lustre when pulverised, sparingly soluble in pure 
water, but insoluble in saline liquids. 

The lime salt resembles the baryta salt in its behaviour 
and mode of preparation. 

The lead salt is obtained as a voluminous red precipitate, 
insoluble in water. 

The silver salt is obtained from the potash salt by double 
decomposition. It is a reddish-brovm precipitate, which, 
when dry, has a dark-red brassy lustre. 



Purpuroxanthinj Ci4Hg04. 

This compound was discovered by Schiitzenberger and 
SchiflEert in commercial purpurin, and prepared by them from 
purpurin. It is obtained by allowing ordinary phosphorus 
to react upon an alkaline solution of purpurin. The latter 
dissolves without evolution of gas, and the reduction is 
complete in a few minutes. The colour of the solution passes 
from violet-red to red, and finally to brown. The product is 
poured into acidulated water, and the flocculent precipitate 
is collected and washed. 

Another method has been described by Liebermann and 
Fischer. If nitrous acid is passed through a boiling alcoholic 
solution of purpurinamid, nitrogen escapes, and a compound 
is obtained, which, when purified by sublimation, is identical 
with Schiitzenberger's purpuroxanthin. It is formed accord- 
ing to the equation : 

Schiitzenberger has also obtained it by the reduction of 
purpurin with stannous chloride in an alkaline solution. 
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As Eosenstiehl has succeeded in converting purpuroxan- 
thin into purpurin by oxidation, and as Baeyer has ascertained 
the constitution of purpurin, it is evident that purpuroxanthin 
is the third bioxyanthraquinon derivative containing the two 
hydroxyls in the same benzol-nucleus, for which there remains 
only the position 1'3. Whilst Liebermann and Fischer state 
that purpuroxanthin does not dye with mordants, Schiitzen- 
berger maintains that it dyes a yellow shade. 

Purpuroxanthin forms a yellow mass, and sublimes readily 
in orange-yellow needles resembling pure alizarin. 

In alcohol, acetic acid, and benzol, it dissolves readily, 
and is precipitated by water from its alcoholic solution as a 
transparent jelly, which gradually condenses into flocks. It 
dissolves in alkalis with a fine red colour. The lime and 
baryta salts dissolve in boiling water with an orange-red 
colour. It dissolves at a boiling heat in alum water, but is 
almost entirely redeposited on cooling. 

If purpuroxanthin is heated with hydriodic acid (boiling- 
point 127'') and common phosphorus, there is obtained in the 
first place a substance of a more greenish yellow colour 
which crystallises from benzol in splendid leaflets. The 
alkaline solution is brown, and is oxidised on exposure to the 
air, with reproduction of purpuroxanthin. "With aluminous 
mordants it dyes shades similar to quercitron, and agrees 
with the formula Ci^B^^qO^, or C^^^E^fi^. On prolonging the 
action of the hydriodic acid under the same conditions, both 
the hydrides of anthracen are obtained. If heated with 
zinc-powder, purpuroxanthin yields anthracen. In a boiling 
alkaline solution, purpuroxanthin takes up 1 atom of oxygen 
and purpurin is reproduced. 



Franguliriy C2oH2o^io* 

This glucoside is obtained from the bark of Rhamnus 
rangula. This is extracted at a boil with ammoniacal water. 
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the decoction is mixed with hydrochloric acid, the precipitate 
pressed, and extracted with boiling alcohol and sugar of lead. 
From the alcoholic solution thus purified the frangulin is 
precipitated by the addition of more sugar of lead. 

The red precipitate is decomposed with sulphuretted 
hydrogen, and the frangulin is extracted from the sulphide 
of lead by means of boiling alcohol. The alcohol is mostly 
distilled off, and from the remainder the frangulin is preci- 
pitated by water and obtained in a state of purity by several 
repetitions of this last operation. 

Frangulin forms a yellow mass which appears crystalline 
under the microscope. It is almost insoluble in cold water, 
sparingly soluble in cold alcohol and ether, more freely 
soluble in hot alcohol. Alkalis dissolve it with a fine red 
colour. The ammoniacal solution is colourless, but soon 
turns red. It melts at 226% and has the properties of a 
feeble acid, but its salts have not been obtained. Acids 
decompose it into frangulic acid and sugar, 

^20^20^10= CnHgO^ + CgHiaOg. 

Frangulic Acidj Cj^HgO^. 

This acid can be obtained also direct from the bark of 
the rhamnus if it is extracted with water containing caustic 
soda. 

From alcohol it crystallises in orange-coloured quadratic 
leaflets or needles of the formula 2{G^;K^{0iR)fi^-\-SKfi, 
which do not become perfectly anhydrous until heated to 
ISO"*, and melt between 252® and 254**. It is somewhat 
soluble in water, chloroform, and benzin ; readily soluble in 
alcohol and ether. Alkalis dissolve it with a fine red colour, 
but acids separate frangulic acid unchanged from the solutiop. 
From a slightly ammoniacal solution it is precipitated by 
alkaline earths and many metallic salts. Fuming nitric acid 
dissolves frangulic acid, and a red mass remains on dilution 

o 
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with water. This nitrated frangulic acid is probably the 
same substance which Casselmann describes as nitrofrangulic 
acid, and which he obtained along with oxalic acid on heating 
frangnlin with fuming nitric acid. If heated with zinc- 
powder, frangulic acid yields anthracen. 

Dibromfrangulic Acidy C,4H5Br204. 

Obtained by mixing an alcoholic solution of frangulic 
acid with excess of bromine. It is sparingly soluble in 
alcohol, and consequently separates from the mixture just 
mentioned. It forms a bright-red, light crystalline mass, 
which, under the microscope, appears to consist of fine short 
needles. 

Difrangulic Acid, CggHj^Oy + 2H2O. 

This acid may be regarded as the anhydride of frangulic 
acid, and it may be formed from 2 mol. of frangulic acid by 
the elimination of 1 mol. water. 



Faust obtained this acid from the lead precipitates pro- 
duced in the direct preparation of frangulic acid from 
rhamnus bark by extraction with dilute soda-lye. It has 
a strong resemblance to frangulic acid, but is of a darker 
colour. It melts at 248°-250*'. This agreement in the 
melting-points is probably due to the circumstance that 
frangulic acid, when melting, or immediately previously, is 
converted into difrangulic acid by elimination of water. 
£ubly's aromin is also probably identical with frangidin, and 
aromic acid with frangulic or difrangulic acid. 

TrioxyanthraquinonSy Ci4H5(OH)302. 

In the trioxyanthraquinons, three hydrogen atoms of an- 
thraquinon are replaced by hydroxyl, according to the posi- 
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tion of which several isomers may exist, some of which are 
actually known. All the trioxyanthraquinons known are true 
dyes, which speaks in favour of the influence of the position 
of the hydroxyls in the benzol nuclei, since in the trioxyan- 
thraquinons at least 2 OH groups must be present in one of 
the benzol nuclei. The trioxyanthraquinons have not been 
obtained syntheticallyj and the preparation of the individual 
members of this group, as well as the relative position of the 
hydroxyls, in as far as hitherto known, was described under 
the purpurins in question. 

— CO— 
Furpurin, CgH^ | | C6H(OH)3. 

The history of purpurin is closely connected with that of 
alizarin, though it has been much less abundantly studied. 
It received its name from Eobiquet and Colin, who discovered 
it simultaneously with alizarin, but who did not obtain it 
perfectly pure. Like alizarin, it was described under a 
variety of synonyms: Gaultier, De Claubry, and Persoz 
named it * mati^re colorante rose ; * Eunge called it madder- 
purple, and Debus oxylizaric acid. The latter proposed the 
formula Cg^HnjOio (C = 6 and 0=8), whilst Eochleder pre- 
ferred CgoHaoOgo, and Schiel G^^^fi^^. WolflF and Strecker 
assigned it the formula CigH^Og, which agrees well with the 
results obtained by Debus. This view was generally adopted 
for some time. Quite recently, however, since purpurin, owing 
to Kopp's method of separation, was found in commerce tole- 
rably pure, it was re-examined. 

Schiitzenberger and SchifiPert obtained very accordant 
results in a series of investigations, from which they deduced 
the formula C^^^fi^ (C=12). Their results agree, how- 
ever, better, and indeed somewhat decidedly with the 
formtda C^Jlfi^, as Strecker pointed out on publishing his 
analyses of alizarin. 

2 
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That this formula is correct appears from the observa- 
tions of Graebe and Liebermann, that purpurin as well as 
alizarin yields anthracen on heating with zinc-powder. 

Purpurin, like alizarin, must be regarded as a quinon ; it 
is oxjalizarin, or trioxyanthraquinon, G^JS.^{0^)^{0)2\ 

In purpurin the three hydroxyls exist in one benzol 
nucleus, which is proved by the fact that purpurin, on 
oxidation with nitric acid, yields phthalic and oxalic acids 
like alizarin. This view is also supported by De Lalande^s 
synthesis of purpurin from alizarin, also its preparation from 
quinizarin, discovered by Ad. Baeyer and Caro. As the 
hydroxyls in alizarin take the position 1'2, and in quinizarin 
1*4, the third hydroxyl, entering in the formation of pur- 
purin, must have either the positions 1'2*4 or 1'3'4, which, 

QQ 

as the adjacent position of the group of carbon atoms ^^ 

presupposes, are identical. The formation of purpuroxanthin 
is also in favour of the accuracy of this assumption. Like 
alizarin, purpurin is present in madder, not in the free state, 
but as a glucoside, which has not yet been isolated, as it is 
very easily resolved into purpurin and sugar, and is far less 
stable than ruberythric acid, as will appear from the separa- 
tion of alizarin and purpurin on Kopp's method. 

The isolation of purpurin from alizarin, except by Kopp's 
method, depends on the solubility of the former in alum- 
water, in which alizarin is only somewhat soluble at the 
boiling-point, and is deposited on cooling. 

Eobiquet and Colin treat ground madder, previously 
washed in water, with concentrated sulphuric acid, and 
extract the black residue with boiling alum-water. The 
purpurin dissolves, and is reprecipitated by sulphuric acid, 
collected, washed, dried, dissolved in ether, and obtained on 
evaporation as crystals in a purified state, though still con- 
taining a little alizarin. 

It is better, as Eunge directs, to let the decoction of 
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madder in alum-water cool, remove the deposit of alizarin, 
add dilute sulphuric acid, collect the precipitate, and wash 
first with pure, and then with acidulated water, dry, dissolve 
in alcohol at 80-90 per cent., evaporate till crystalline crusts 
are deposited, redissolve in boiling alcohol, recrystallise, and 
finally dissolve in ether, obtaining the purpurin in crystals 
on evaporation. 

Debus prepares purpurin in a similar manner. He ex- 
tracts madder-root in 15 to 20 parts of boiling water, filters, 
boils the decoction for some time with lead oxide in excess, 
filters, washes the precipitate on the filter with water, de- 
composes it with dilute sulphuric acid, and extracts the 
liberated colouring-matter from the sulphate of lead by 
boiling with alcohol. The alcoholic solution is agitated by 
calcined oxide of zinc as long as this takes a red colour. 
He then filters the zinc compound, washes with alcohol, and 
decomposes with dilute sulphuric acid. The colouring- 
matters liberated are dissolved in ether, again precipitated 
with zinc oxide, and the zinc compound decomposed with 
sulphuric acid. The washed colouring-matters are then 
boiled with strong alum-water till the solutions cease to 
deposit anything on prolonged standing. The body deposited 
is alizarin. 

The dark-red aluminous solutions are decomposed with 
dilute sulphuric acid, when purpurin is deposited after 
standing from twelve to twenty-four hours. This is boiled 
with dilute sulphuric acid in order to remove traces of 
alumina, washed in water, and dissolved in 150-200 parts of 
alcohol with the aid of heat. 

In the course of two or three hours the colouring-matter is 
deposited in red needles from two or three lines in length ; 
these are purified by recrystallisation. 

According to E. Kopp's method, madder is extracted with 
aqueous sulphurous acid ; about 3 to 5 per cent, of sulphuric 
or hydrochloric acid is added to the liquid, and the whole is 
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heated to 60** or 60® C, when the purpuriii is deposited in 
flocks. If this temperature is not exceeded, the precipitation 
of the flocks is completed in twenty to thirty minutes. 
Sometimes these flocks contract, become heavy and granular, 
and separate as a more or less pulverulent mass, which has a 
finer red colour the denser it is. The mass is washed with 
a little cold water, till it runs off with a yellow, or only faint 
red colour^ and has no longer an acid reaction. We thus 
obtain purpurin in larger or smaller fragments, and almost 
chemically pure. It is obtained in a state of absolute purity 
by repeated crystallisation from alcohol. 

It has not yet been found possible to obtain purpurin 
from alizarin by means of the sulpho-acids, as the bisulpho- 
acids, from which it should be formed, contain the sulphuric 
acid residues distributed in both benzol-groups. On the 
other hand, F. De Lalande succeeded in obtaining purpurin 
from alizarin by the following method : — ^To 8-10 parts of 
concentrated sulphuric acid is added 1 part of dry powdered 
alizarin and 1 part of dry arsenic acid, or peroxide of man- 
ganese. The temperature is gradually raised to 160°-160% 
till a drop of the mixture thrown into slightly alkaline water 
takes the red colour of purpurin. The mass is then treated 
with much water, the precipitate washed with cold water, 
dissolved in a sufficiency of saturated alum-water, and re- 
precipitated by the addition of an acid. It is completely 
purified by repeated treatment with alum, and recrystallisa- 
tion from superheated water. Eosenstiehl, who repeated De 
Lalande's process, confirms his account. Baeyer and Caro 
have also obtained purpurin from quinizarin by the same 
method. They heated the latter compound to about 140** 
with sulphuric acid and manganese. It is remarkable that 
whilst all three bioxyquinons which contain the two hydroxyls 
in the same benzol nucleus yield the same purpurin, one only 
gives purpuroxanthin on its reduction. Eosenstiehl obtained 
purpurin from pseudopurpurin by boiling with alcohol at 
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20 per cent,, or with boiling water. It will be seen here that 
the alcohol and the water effect a true reduction, which, 
especially in the case of water, can only occur at the expense 
of a part of the pseudopurpurin. This reaction, however, 
goes further ; there is always and simultaneonsly formed a 
small quantity of purpuroxanthin. This action may take 
place at a temperature below 100®, if we use crude pseudo- 
purpurin or madder (previously washed) in presence of 
acidulated water, or an aqueous solution of alum, which is a 
good solvent of this substance. In this case some one of the 
constituents of madder probably occasions the reaction, 
Schiitzenberger and Schiffert obtain purpurin from pseudo- 
purpurin on heating to 200° with alcohol or by sublimation. 
It was formerly supposed that purpurin, in its ordinary 
state, did not dye fast shades, but obtained permanence only 
on heating or sublimation. The purpurin of commerce was, 
therefore, mixed with glycerin, and the mixture heated 
to 112''-1 20**. A conversion of pseudopurpurin into purpurin 
would here certainly occur. If commercial purpurin is 
heated under pressure to 120° along with hydrochloric acid, 
the mass, originally red and amorphous, is converted into a 
garnet-red crystalline substance, which well assists the action 
of soap. 

Purpurin dyes tissues mordanted with alumina scarlet to 
dark-red. On soaping, the colour becomes scarlet. Cotton, 
prepared for Turkey-reds with oil mordant, is dyed a brown- 
red by purpurin ; but after treatment with soap and soda, it 
becomes a fiery Turkey-red. Purpurin dyes readily with 
mordants in distilled water. The addition of a quantity of 
dissolved carbonate of lime, corresponding to a lake, with 
1 atom of calcium, is not injurious ; but a larger addition of 
lime causes the formation of an insoluble lake, with 3 atoms 
of calcium, which does not dye, and which is very slowly 
decomposed by carbonic acid. 

In America, purpurin is said to be used in dyeing along 
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with anilin colours. The goods are probably grounded with 
purpurin, and topped with anilin colours. 

Purpurin has a more intense red colour than alizarin. 
It sublimes at 250^ with partial decomposition, leaving a 
shining carbonaceous residue. The crystals are found in 
plumose groups. 

Sublimed purpurin crystallises from alcohol in fine -red, 
slightly orange needles, often a centimetre in length. Un- 
sublimed purpurin in the same circumstances forms only very 
small needles. 

In water it is rather more soluble than alizarin. It is 
more freely soluble in ether, alcohol, benzol, glycerin, con- 
centrated sulphuric acid, and acetic acid. Nitric acid 
oxidises it to phthalic and oxalic acids. If heated with zinc- 
powder, it yields anthraeen. In alkalis it dissolves with a 
purple-red colour. The soda-salt is readily obtained in 
crystals, if an alcoholic solution of soda is mixed with an 
alcoholic solution of purpurin, and a little ether is added. 
It is then deposited in fine needles. 

Alkaline carbonates, indeed all alkaline compounds with 
a basic reaction, dissolve it with a red colour. In alum- 
water it is much more soluble than alizarin, and purpurin is 
not deposited from saturated and hot solutions on cooling. 
Hydrate of soda at a boiling heat withdraws purpurin from 
its alumina-lake. Purpurin may be readily distinguished 
from alizarin by the colour of its compounds with alkalis. 
The alkaline solutions of alizarin are violet, but those of pur- 
purin a fine purple-red. 

Purpv/rarmd, or Purpurdriy Ci4H5NH2(OH)202. 

Purpurin dissolves in ammonia with a fine-red colour, and 
is precipitated unchanged on the addition of acids. But if the 
solution is allowed to stand twenty-four hours, or heated to a 
boil, acids no longer precipitate purpurin, but purpuramid, in 
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reddish-violet flocks. Purpnramid is, therefore, more easily 
produced than alizaramid. Purpuramid dissolves in soda-lye 
with a red colour, and with escape of ammonia. In boiling 
alcohol it dissolves with a red-violet colour, and forms, on 
evaporation of the alcohol, crystals almost black, with a 
gi'een surface reflection, resembling those of murexide. 

It dyes wool and silk an amaranth-red without mordant* 

Triethylpurpuriny C^^K^{G^^fi)fi^. 

Obtained by heating crystallised purpurin-soda with 
iodide of ethyl to ISO"* C. in sealed tubes. 

On the addition of alcohol, iodide of sodium separates 
out, along with red crystalline grains of triethylpurpurin, 
sparingly soluble in alcohol. The salts of purpurin have 
been but little examined. The following are the colours of 
some precipitates produced by reagents in alkaline solutions 
of purpurin : — 



Chloride of barium 
Cbloride of calcium 
Acetate of lead . 
Ferric chloride . 

Sulphate of magnesia , 
Nitrate of silver 

Mercurous chloride 
Stannic chloride 



. Red. 

. Red. 

. Red. 

. Red-brown. 
(Soluble in much water). 

. Red. 

. Red. 
(Red-brown on heating). 

. Red-brown. 

. Yellowish red. 



The changes produced in purpurin by reducing agents 
have been already examined by Bolley and Eosa, and Iby 
Schlitzenberger, without any certainty having been reached. 
Latterly, however, purpuroxanthin, a reduction-product, 
identical with Schiitzenberger's xanthopurpurin, has been 
accurately described. 
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Hydrate of Pnrpurin. 

This compound was described by Schiitzenberger as 
orange colouring matter, and is found in commercial pur- 
purin, from which it has been recently obtained by Rosen- 
stiehl. According to Schiitzenberger, the hydrate is obtained 
from commercial purpurin as follows : The purpurin is treated 
with 85 per cent, alcohol and filtered. On cooling, some fine 
needles of impure purpurin separate. These are removed by 
filtration and the filtrate is concentrated by evaporation. 
When cold, the filtrate becomes a curdy crystalline mass, 
which is pressed, redissolved in luke-warm alcohol, and on 
crystallisation yields the orange colouring-matter in a very 
pure condition. More of this orange colour is obtained 
when the mother-liquors from the pressed curd-like mass 
are evaporated to dryness and the residue is treated with 
rectified benzol. Tliis leaves the orange colouring-matter 
undissolved, whilst it takes up the yellow principle, xantho- 
purpurin or purpm'oxanthin. 

According to Eosenstiehl, the hydrate is obtained on 
precipitating a solution of purpurin in alkali or in alum- 
water with an acid. 

The hydrate of purpurin is insoluble in boiling benzol, 
very readily soluble in luke-warm alcohol. It is deposited 
from a concentrated alcoholic solution either in small orange 
leaflets or in a curdy greenish crystalline mass. Heat 
converts it into purpurin. With calcareous water it behaves 
like purpurin. The shades which it dyes resemble those of 
purpurin after the latter have been soaped. It appears as if 
purpurin is converted into the hydrate upon the tissue. The 
rose shades produced by purpurin and its hydrate are equally 
fast, and are obtained in the same manner as an alizarin- 
rose, but they do not resist the action of the sun equally 
well. 
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Isopurpurin, C^'Ej^{UO)Gfi^ . CeHjCOH)^. 

This isomer of purpurin was discovered by Auerbacli in 
a product manufactured by Gessert Brothers under the name 
* artificial purpurin/ and subsequently described by Perkin 
as anthrapurpurin. Perkin's anthrapurpurin was said to be 
distinguished from Auerbach's isopurpurin by its insolubility 
in alcohol, and by the sparing solubility of its soda-salt in 
the same solvent. Subsequent researches, however, have 
proved the identity of both compounds. Its preparation 
from the crude product, however, is very tedious, and it is 
better to obtain isopurpurin from bisulphanthraquinonic 
acid. If /9-bisulphoanthraquinonic acid is heated with 
caustic soda, the first product of the reaction is bisulphoxy- 
anthraquinonic acid, which dissolves in alkalis with a red 
colour, then isoanthraflavic acid, and lastly isopurpurin. In 
isopurpurin, as in isoanthraflavic acid, the three hydroxyls 
are distributed in both benzol nuclei, so that one is present 
in the one and two in the other. This is proved by "the fact 
that isopurpurin, on oxidation with nitric acid, yields no 
phthalic acid. It is not yet decided how the hydroxyls 
are placed. Isopurpurin crystallises in orange anhydrous 
needles, and is very soluble in boiling alcohol. In boiling 
water it is somewhat soluble, and on continued boiling the 
solution takes a red colour. It dissolves sparingly in ether, 
but readily in glacial acetic acid, whence it separates on 
cooling in crystals arranged in steUar groups. In concen- 
trated sulphuric acid and in potassa-lye it dissolves with a 
red-violet colour, the tone being redder than that of an 
alkaline solution of alizarin. In hot baryta-water it dissolves 
with a violet colour. The solution in carbonate of soda is 
red, with a decided brown cast. In boiling alum- water it is 
very sparingly soluble. The solution is reddish-yellow and 
the isopurpurin is chiefly redeposited on. cooling. In am- 
monia it dissolves with a violet colour. With alcoholic 
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acetate of lead it gives a purple precipitate, which dissolves 
with a violet colour on boiling with an excess of the pre- 
cipitant. Alcoholic copper -acetate gives a fine violet solution. 

The alkaline alcoholic solution shows the absorption- 
bands having the same position as those in alizarin. It 
sublimes in orange needles, and with mordants dyes shades 
between those of alizarin and natural purpurin. Its melting- 
point is above 360**. 

Like alizarin, isopurpurin forms acetyl- and benzyl-com- 
pounds, which have been obtained and described by Perkin. 
Triacetylisopurpurin, Ci4H5(C2H30)30j, crystallises in pale- 
yellow scales and melts at 220*'-222**. 

Flavopurpuririy Ci^HgOj. 

Flavopurpurin is obtained from a-bisulphanthraquinonic 
acid in the same manner as isopurpurin from the /8-acid, 
from the first product of the reaction, anthraflavic acid. In 
flavopurpurin the two hydroxyls are distributed between 
both benzol nuclei, as anthraflavic acid is formed from 
metaoxybenzoic acid. Like isopurpurin, flavopurpurin can 
be obtained from the red alizarin of commerce. Its prepara- 
tion in this manner is very tedious, as flavopurpurin agrees 
very closely in its properties with isopurpurin, and can only 
with difficulty be separated from the latter. It is best to 
make use of a-bisulphoanthraquinonate of soda, which in its 
external appearance resembles the monosulphanthraquino- 
nate. 

Flavopurpurin crystallises in anhydrous yellow needles, 
sparingly soluble in boiling water but readily in cold alcohol. 
The aqueous solution remains yellow on boiling. It is 
sparingly soluble in ether, but dissolves in boiling glacial 
acetic acid, from which it separates on cooling in stellar 
crystals. In concentrated sulphuric acid it dissolves with a 
red-brown colour, and in potassa-lye with a purple, redder 
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than anthrapurpurin. On dilution, or on the addition of a 
little dilute alkali, the solution appears of a pure red. The 
colour disappears on prolonged standing. In hot baryta- 
water it is sparingly soluble with a reddish-violet colour. 
The solution in deep layers displays absorption-bands. In 
ammonia it dissolves with a yellowish-red colour and shows 
no bands. It dissolves in carbonate of soda with a yellowish- 
red colour. Alcoholic lead acetate gives a reddish-brown 
precipitate very sparingly soluble in excess with a red colour. 
Alcoholic copper acetate gives a red solution 5 in alum it is 
sparingly soluble. The melting-point of flavopurpurin is 
above 330**. It sublimes in long needles resembling alizarin, 
and dyes with mordants. .The tones produced, however, are 
much yellower than those of purpurin and isopurpurin^ The 
alkaline solution shows likewise two bands, rather more 
distant from the red, and a broad stripe in the blue. 

Oxychrysazin, Ci4Hg05. 

Obtained by Liebermann and Giessel on melting chry- 
sazin with alkali. On melting, the original red colour of the 
solution of chrysazin passes into a * corn-flower^ blue coloured 
mass of a splendid metallic lustre. The solution of this 
substance appears of a blue violet, almost like that of alizarin. 
Acids precipitate the colouring-matter in brown flocks, which 
can be recrystallised from alcohol. From its solution in 
carbonate of soda, it is almost entirely precipitated by 
alumina. With mordants it dyes intense shades, the colours 
being intermediate between those of alizarin and purpurin. 

TetraoxyanthraquinoUy Ci^^^{OS)fi^. 

Three isomers of this oxyanthraquinon are known ; but 
as there can exist only one containing four hydroxyls in one 
benzol-nucleus, in the others the hydroxyls must necessarily 
be distributed in both. 
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PseudopurpuriUy 




CeHX A >C«(OH),. 



This compound, discovered by Schiitzenberger and Schif- 
fert, constitutes about three-fourths of the bulk of artificial 
purpurin. The discoverers proposed the formula G^^fi^ ; 
but Qraebe and Liebermann ahreadj expressed the view that, 
as a derivative of anthraquinon, it must have the formula 
Ci4HgOg, an opinion which has been confirmed by subsequent 
researches. As pseudopurpurin yields on oxidation phthalic 
acid, the four hydroxyls must be contained in one benzol- 
nucleus, which is supported by the reduction to purpurin 
and purpuroxanthin. 

To obtain pseudopurpurin, crude purpurin, preferably 
obtained according to E. Kopp's method, is treated with 
luke-warm alcohol at 85 per cent. The solution, which 
contains purpuroxanthin and the hydrate of purpurin, is 
filtered ofi^, and the residue, which forms about nine-tenths 
of the whole mass, is extracted with strong boiling alcohol 
and filtered. The filtrate, on cooling, deposits purpurin in 
fine needles, almost pure. The mass remaining afber the 
extraction with alcohol is a red powder. It is dried, and 
repeatedly boiled with benzol, the orange solution being 
filtered whilst hot. On cooling, it quickly solidifies to a 
crystalline paste, which is pressed. The crystals fi-om the 
first benzol extracts consist of purpurin, but those from the 
latter crystallisations are almost entirely pseudopurpurin. 
Pseudopurpurin is almost insoluble in boiling alcohol, 
soluble in boiling benzol, from which it is almost entirely 
redeposited on cooling, forming a crystalline paste of fine 
needles which, when dry, have a brick-red colour. On heat- 
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ing, it is decomposed with formation of purpurin. It under- 
goes the same decomposition if heated to 200** with alcohol. 
It dissolves readily in alkalis with a red colour. With am- 
monia it forms an amido-derivative resembling purpuramid. 
Pseudopurpurin dyes only in distilled water. A quantity 
of carbonate of lime corresponding to a lake with 1 atom of 
calcium, converts it entirely into an insoluble compound 
which is not decomposed by carbonic acid. With aluminous 
mordants, it dyes shades approaching those given by alizarin. 
With iron mordants it dyes a violet grey (5 violet-blue 
three-tenths or four- tenths). The colours are distinguished 
from those produced by the remaining madder-fragments 
because a passage through the soap-beck, far from brighten- 
ing, quickly destroys them. Pseudopurpurin therefore plays 
no part in dyeing, both on account of the readiness with 
which it forms an insoluble lime-compound and on account 
of its slight power of resistance to the agents required in 
clearing. It is only useful by reason of its conversion into 
purpurin. Still it has received an industrial application, as 
it forms the colouring-matter of madder-lake, which yields 
so bright a rose, and which was in use long before the 
discovery of alizarin. 

Anthrachryson, 
— CO^ 

This compound is formed on heating dioxybenzoic acid 
with 4 parts of sulphuric acid to 140*'. According to its 
formation, it contains two hydroxyls in each benzol nucleus. 
It crystallises from alcohol in fine yellowish-red needles, 
which melt at 320% and are very insoluble in water, sparingly 
soluble in alcohol and ether. Alkaline lyes dissolve with a 
red colour. 
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RufiopiUy Cj^HgOg. 

This colouring matter was obtained by Liebermann and 
Chojnacki by the action of snlpburic acid upon opianic acid. 
To obtain it, opianic acid is heated with 30 parts of concen- 
trated sulphuric acid to ISO"* in the sand-bath, the liquid 
taking a violet colour. When cold, it is poured into water, 
which precipitates the colour in black flocks. By repeatedly 
dissolving the precipitate in soda-lye, filtration, and pre* 
cipitation with acid, it is obtained of a yellowish-brown 
colour. By crystallisation from ether, it is obtained in 
yellowish^red crusts, which are perfectly freed from foreign 
matter by a repetition of the whole process of purification. 

If distilled with zinc-powder, it yields anthracen. In 
potassa it dissolves with the colour of purpurin ; but from 
this compound and from alizarin it is distinguished by the 
violet-red colour of its solution in concentrated sulphuric 
acid, which completely resembles that of rufigallic acid. The 
latter, however, dissolves, in potassa with a blue colour, and 
is rapidly deposited on exposure to the air, which is not the 
case with rufiopin. With solutions of lead and baryta, 
rufiopin yields precipitates. 

With mordants, it dyes shades which resemble those of 
rufigallic acid, rather than of alizarin. 

Rufigallic Acid^ Ci4HgOg. 

Obtained first by Eobiquet on treating gallic acid with 
four parts of concentrated sulphuric acid at 140*'. He con- 
sidered that rufigallic acid Was formed from gallic acid by 
the separation of water, according to the formula CyHgOg— 

Lowe rejected this formula, depending upon the evolution 
of sulphurous and carbonic acids observed during its for- 
mation, which, however, are probably due merely to a further 
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decomposition of a part of the gallic acid. He proposed the 
formula Cj^jHgOg. JaflK, who succeeded in forming anthra- 
cen by the reduction of rufigallic acid, preferred the formula 
Cj4Hg08, doubling Robiquet's original numbers. 

Lauth and Grimaux disputed this formula, and SchiflP, 
who regarded it as an acid and ethereal anhydrid of gallic 
acid, assigns it the following constitution : — 
CO- 




;o. 

As an especial confirmation of this formula, SchiflP refers 
to the replacement of 4 hydroxyls by acetyl ; whOst according 
to JaflK's formula 6 hydroxyls should be capable of replace- 
ment. According to SchiflF's formula, the origin of anthra- 
cen cannot be explained. Were it correct, the reaction 
ought to have produced, not anthracen, but phenanthren, 

CeH,(OH),CO 
/ \ C,H,CH 

O + 9 Zn + H^Orr I II +9 ZnO. 

\ / CeH.CH 

CeH,(OH),CO 

Klobukowsky and Nolting repeated JaflP6's experiment, 
and confirmed it ; they obtained a hydrocarbon possessing 
all the properties of anthracen, and they finally succeeded in 
obtaining an acetyl-compound, which, being analysed, indi- 
cated 6 acetyl-groups. If, therefore, the formula 

CO 

CeH(0H)3 CeH(0H)3 

CO 

is not demonstrated, it is rendered highly probable 
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Besides the formula of anthraquinon, a compound of two 
molecules of gallic acid, with separation of 2 HgO, is con- 
ceivable, according to the following formula : — 

COO 

CeH,(OH), CeH,(OH)„ 

000 

which explains the formation of anthracen. Independently 

of the consideration that this formula of SchiflF's is rightly 

attributed to ellagic acid, it is inadmissible, as otherwise 

tannic acid, 

CO. OH 

/ 
CO 

I 

CeH2(OH)3, 

would yield rufigallic acid more readily than gallic acid, 
whilst in fact the former gives mere traces. According to 
this formula also, tannic acid with zinc-dust should also 
yield anthracen, which is not the case. The anthraquinon 
formula is further supported by the reduction of rufigallic 
acid with hydriodic acid. If rufigallic acid is heated with 
hydriodic acid and phosphorus, anthracen is not indeed 
formed directly; but there appears a substance, which 
crystallises in microscopic yeUow needles, and which, if 
distilled with zinc-dust, yields anthracen, but differs in its 
properties from all known derivatives of anthracen. (Pro- 
bably this compound is a substance similar to purpuroxan- 
thin, and formed from purpurin and pseudopurpurin by re- 
duction.) 

According to Wagner, rufigallic acid is obtained as 
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follows : 1 part of gallic acid is slowly heated to 140° C. with 
4 parts of concentrated sulphuric acid. Lowe, however, has 
shown that the conversion of gallic acid into the rufigallic is 
complete even at the temperature of the water-bath. The 
red solution, when cold, is poured into water, when a red- 
brown precipitate is formed, partly flocculent, and partly 
granular crystalline, and is freed from adherent sulphuric 
acid by decantation, and i&nally by washing on the filter. 

The small shining crystals obtained by elutriation lose 
their crystalline water at 120°. If more strongly heated, 
rufigallic acid sublimes in vermilion prisms. It is insoluble 
in cold water, sparingly soluble at 100°, sparingly soluble in 
boiling alcohol and ether, insoluble in oil of turpentine and 
chloroform, but in aceton it dissolves with a brown colour. 
Alkalis dissolve it with a brown colour if air is excluded, but 
if the air has access, humus-like bodies are formed. If 
covered with ammonia, it takes a red colour. Baryta con- 
verts it into an indigo-blue mass, without solution. If in- 
troduced into melting potassa, it becomes a splendid green, 
and then turns indigo-blue in places. On the addition of 
water it turns indigo-blue, and is decomposed with the for- 
mation of oxyquinon, CgH^Og. On treatment with zinc- 
powder, anthracen is, formed, just as is the case with alizarin. 
If treated with reducing agents^ reduction-products are 
formed ; but alizarin has not yet been obtained by this pro- 
cess. Tissues mordanted with salts of alumina and iron are 
dyed by rufigallic acids, in shades resembling those of ali- 
zarin, but duller and dirty. They resist soaping, however, 
perfectly. 

The firsb experiments on fche tinctorial properties of rufi- 
gallic acid were made by Robiquet. 

Chrysophanic Acidy C^^^fi^. 

This acid, though not a direct derivative of anthracen, is 
interesting, on account of its derivation from methylanthra- 

p 2 
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ceu, and may therefore be appropriately considered here, 
along with its congener, emodin. 

In their earlier papers, Graebe and Liebermann ascribed 
to chrysophanic acid the formula Ci4Hg04, and regarded it as 
an isomer of alizarin. They were led to this view because 
chrysophanic acid, on reduction with zinc-powder, produces 
a hydrocarbon very similar to anthracen, and because, on 
analysing the acid, they obtained figures closely approximat- 
ing on those required by alizarin. In their subsequent re- 
searches on emodin, Liebermann and Fischer ascertained the 
connection of the two compounds, and subjected chryso- 
phanic acid to a re-examination. The result was that 
chrysophanic acid is a derivative of methylanthracen, and 
bears to emodin the same relation as does purpurin to 
alizarin. They proved that the hydrocarbon obtained, on 
its reduction with zinc-powder, was methylanthracen, by 
converting it into anthraquinoncarbonic acid and methyl- 
anthraquinon. 

The acid occurs in the roots of various rhubarbs and 
docks, as Bimiex ohtvsifolius, patientiay paliistris, &c., in the 
lichen Parmelia paricinay in senna^leaves, &c. It was 
formerly obtained in an impure state from these sources ; 
and, according to its origin, was named rliein, rhubarb 
yellow, phaeoretin, erythrosetin, rhaponticin, rumicin, lapa- 
thin, parietin, &c. For its preparation various methods 
have been proposed. Eochleder extracts the rhubarb 
or the lichens with very weak alcohol, to which a little 
potassa-lye has been added, filters, presses the residue, and 
passes a current of carbonic acid through the liquid. 
The precipitate is filtered, dissolved in alcohol at 60® per 
cent., mixed with a little potassa-lye, filtered, and the filtrate 
precipitated with acetic acid. The precipitate is collected, 
dissolved in boiling alcohol, and filtered whilst hot. The 
filtrate is mixed with water, and the acid thus separated is 
obtained pure on recrystallisation from alcohol. 
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Warren De la Eue extracts rhubarb with benzol, distils 
off the benzol, and, when most of it has gone over, allows the 
residue to cool. Impure chrysophanic acid crystallises out, 
and is redissolved in boiling benzol, filtered, crystallised on 
cooling, and purified by solution in glacial acetic acid. 

Batka treats rhubarb or senna-leaves with caustic- 
potassa, filters, and precipitates chrysophanic acid from the 
filtrate by the addition of hydrochloric acid. The precipitate 
is washed on the filter, well dried, extracted with chloroform, 
and evaporated. Chrysophanic acid remains in the capsule 
as fine-yellow granular crystals. 

Chrysophanic acid either forms gold-coloured crystals, or 
orange-red masses of a golden lustre, like crystalline iodide 
of lead. From benzol it crystallises in hexagonal monoclinar 
tables, of a yellow or orange colour; from glacial acetic 
acid, alcohol, and fusel oil, it is deposited in mossy aggrega- 
tion. It is inodorous and almost tasteless, scarcely soluble 
in cold, and very slightly in hot water. In cold ether and 
alcohol it dissolves with a yellow colour. One part of chry- 
sophanic acid dissolves in 224 parts of boiling alcohol at 86 
per cent., or in 1125 of alcohol at 30 per cent. In aqueous 
alkalis it is sparingly soluble with a red colour. Acids turn 
the red solutions yellow. The alkaline solution can be 
evaporated to dryness without decomposition, but at a certain 
stage of concentration the soda-salt is separated out in blue 
flocks, with a violet cast. 

Chrysophanic acid melts, without decomposition, at 162% 
and crystallises on cooling. At higher temperatures a 
portion of the acid is decomposed, but another portion 
sublimes in golden-yellow needles. It dissolves, without 
decomposition, in concentrated sulphuric acid and dilute 
nitric acid ; concentrated nitric acid at a boiling heat con- 
verts it into chrysammic acid. Potassa-lye has scarcely any 
decomposing action. According to Warren De la Eue, the 
red alkaline solution of chrysophanic acid turns blue on con- 
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centration. The blue compound turns red on solution in 
water, and on mixture with hydrochloric acid chrysophanic 
acid is deposited undecomposed. On prolonged melting with 
hydrate of potassa, chrysophanic acid is decomposed, and a 
strongly fluorescent compound is formed. The ammonia- 
compound is decomposed on boiling in water, aiid undecom- 
posed chrysophanic acid is left behind. Phosphorus per- 
chloride forms a chlorine-compound, which, on heating with 
water, forms chrysophanic acid again. 

It is a very feeble acid. The alkaline-salts are blue or 
violet, and are deposited in blue flocks on concentrating the 
aqueous solutions. The lime- and baryta-salts are obtained 
by mixing an alkaline solution of chrysophanic acid with 
chloride of calcium or of barium. They are insoluble in 
water, and are readily decomposed in the air by absorbing 
carbonic acid. If a solution of chrysophanic acid is mixed 
with an alcoholic solution of basic acetate of lead, there is 
formed a slight whitish precipitate, which disappears on 
boiling. Subsequently carmine- red flocks are deposited, 
which are insoluble in water, and are decomposed by alcohol. 

Acetylchrysophanic Acid^ C,5Hq02(O.C2H30)2. 

This compound is obtained by heating chrysophanic acid 
and acetyl chloride in sealed tubes in the water-bath. It 
separates out in pale yellow crystals, which are soluble in 
dilute alcohol, but soon decomposed into chrysophanic and 
acetic acids. 

Bmzoylchrysophcmic Acid, C^^'Hfi^iO.GjB.fi)^. 

Obtained by introducing chrysophanic acid into chlor- 
benzyl heated almost to a boil. The resulting crystalline 
mass is pressed, and forms coloured crystals of a silky 
lustre. In alcohol it is sparingly soluble, more freely 
in benzol, from which it crystallises in long irregular 



Digitized by 



Google 



AMIDES OF CHRYSOPHANIC ACID. 215 

hexagonal prisms. At 200° it melts to a dark-yellow liquid, 
which congeals again on cooling and gives off yellow vapours 
at higher temperatures. Ammonia and aqueous potassa do 
not act upon it, but it is immediately decomposed by alcoholic 
potassa. The latter, as also concentrated sulphuric acid, 
resolves it into benzoic and chrysophanic acids. 

Amides of Chrysophanic Acid. 

These compounds were obtained by Liebermann and 
Fischer on heating chrysophanic acid and ammonia in 
sealed tubes. At 200° a part of the substance is carbonised, 
but the principal product is chrysophanamid; at 150° there 
occurs no carbonisation, but along with chrysophanamid 
there is formed in predominating quantity a second compound, 
which separates from the solution in long dark needles. 
To obtain chrysophanamid, the contents of the tube after 
heating to 180°-200° are filtered and precipitated with an 
acid, but complete solution only takes place on prolonged 
standing. The precipitate filtered off is heated for some 
time with alcohol, acidulated with hydrochloric acid, and 
precipitated with water. It is freed from undecomposed or 
from re-formed chrysophanic acid by means of cold baryta- 
water, when the amid dissolves as a barium-salt of a red 
colour, whilst chrysophanate of barium remains undissolved. 
The yellowish brown flocks of the amid precipitated from 
the filtrate by an acid appear after recrystallisation from 
alcohol as small indistinct yellow scales, of the composition 



C'uHfi 



CH3 

OH 

10^. 



On boiling with baryta-water, alkalis, or dilute acids, the 
amid is converted into chrysophanic acid, with escape of 
ammonia. 
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If aqueous ammonia acts upon chrysophanic acid at 150° 
as above mentioned, there is formed along with the amid 
a compound which is deposited in the tube in crystals of a 
metallic lustre. After being washed with very dilute am- 
monia, this substance is triturated with hydrochloric acid 
and dissolved in cold baryta-water to remove chrysophanic 
acid, and reprecipitated with an acid. The yellow flocks, on 
washing with water, change their colour to an intense brick- 
red, an indication of the transient formation of an unstable 
compound with acid. The substance is an ammonia-com- 
pound of chrysophanimid. 

(CH3 

(0,. 

The free imid cannot be obtained from it, since, if it is 
treated with alkalis or acids in order to remove ammonia, it 
takes up water and passes first into chrysophanamid and 
ultimately into free chrysophanic Acid. It is, however, easy 
to obtain an acetylised imid from the ammonia-compound of 
the imid with anhjdrous acetic acid by boiling in a flask 
fitted with a cohobater. It separates as a dark-green 
powder, soluble scarcely in a trace in the ordinary solvents. 
Chloroform dissolves very small quantities; the substance 
sometimes separates from the grass-green solution in beau- 
tiful needles of a violet metallic lustre. Analysis leads to 

the formula 

'CH 

N(C,H,0) 



CuHj 



O,. 



Soda-lye does not decompose the compound; concentrated 
sulphuric acid dissolves it with a brownish-yellow colour, and 
decomposes it with the aid of heat, forming chrysophanic 
acid. The behaviour of nitric acid is similar. 
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Emodiriy CjgHjQOg. 

This compound accompanies chrysophanic acid, and is 
found in rhubarb root to the extent of about 2 per cent, of 
the latter. It bears to chrysophanic acid a relation similar 
to that of purpurin to alizarin, i.e., it is a trioxymethyl- 
anthraquinon^ whilst chrysophanic acid is a dioxymethyl- 
anthraquinon. De la Rue and Miiller, as also Rochleder, 
obtained on the analysis of emodin tolerably concordant 
numbers, and proposed at first the formula C^oHaQOig. 
Skraup, who examined it, subsequently adopted the formula 
C32H24OH. Liebermann, on reducing emodin with zinc- 
powder, obtained a compound resembling anthracen, but his 
analyses led to the formula CigHnjO^, and thus, as well as by 
the proof that the product of the reaction with zinc-powder 
is methylanthracen, the connection between that body and 
emodin was established. 

To obtain it, crude chrysophanic acid is boiled with soda- 
lye and filtered whilst boiling. Chrysophanic acid remains 
almost entirely undissolved, whilst all the emodin is taken 
up with a blood-red colour, and is precipitated by acids 
from this solution in amorphous yellow flocks, which are 
purified by recrystallisation from boiling alcohol at about 80 
per cent. The colour of emodin is not so light a yellow as 
that of chrysophanic acid, but inclines to orange. 
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MONOSULPHOANTHRACENIC AciDS AND AnTHROLS. 

These bodies were obtained by E. Lincke on heating 1 part of an- 
thracen with 3 parts of concentrated sulphuric acid. There are formed 
two isomeric monosulpho-acids, which may be separated by means 
of their lead-salts, and a-monosulphanthracenic acid, C14II9SO3II, 
forms yellowish columns or tables. It is somewhat soluble in hot 
water but not very much more than in cold. It is stable in the air. 
Its lead-salt (Oi4H9S03)2Pb + 4 H2O) crystallises in light-yellow 
leaflets, dissolves very readily in hot water, rather less freely in cold. 
The barium-salt, with 6 HgO, forms yellowish needles, and dissolves 
in water still more easily than the lead-salt. The sodium-salt crystal- 
lises in microscopic plates; it is very soluble in water, and, like the 
lead-salt, rather more freely with the aid of heat than in the cold. 

P-McmoaiUphanthracenic Acid, C14H9SO3H. 

It forms long beautiful light-yellow columns, and is very sparingly 
soluble in water, even when boiling. The barhim-salt, with 7H2O, 
is somewhat more soluble than the lime-salt, and separates from the 
hot saturated aqueous solution in beautiful nacreous tables of a faint- 
yellowish colour. The sodium-salt crystallises in fine long yellowish 
columns, and is sparingly soluble, though more freely in hot than in 
cold water. 

From the potash-salts of these acids two anthrols are obtained by 
melting with hydrate of potassa : — a-anthrol, C14H9OH. It crystal- 
lises in brilliant light-yellow needles, sometimes in leaflets, easily 
soluble in ether, alcohol, and benzol, less readily in chloroform, but 
insoluble in water. In alkalis it dissolves readily, and, if air be 
absent, is precipitated unchanged by acids. In alkaline solutions, 
if boiled in water with access of air, it is oxidised to a dark-brown 
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substance. At 250° it is decomposed without previous fusion. With 
bromine it gives a flocculent product, and with concentrated sulphuric 
acid it forms a sulpho-acid. /3-anthrol, C14H9OH, forms yellowish 
columns, and is rather more sparingly soluble in ether and alcohol 
than the a-anthrol. A solution of the compound, if heated in 
presence of air, is oxidised to a dark-gi'een substance. The /3-compound 
decomposes before it melts. With bromine it forms a bromine-product, 
and with sulphuric acid a sulpho-acid. 



Keceipts for Dyeing with Natural and Artificial Alizarin, 
Printing Colours with Artificial Alizarin, containing 15 
PER cent, of dry Colouring-matteb, 

For Bed Grounds, 

800 grms. alizarin, at 15 per cent. 

1 kilo, acetic acid, at 6° B. 

2 litres water. 
200 grms. olive oil. 

200 „ acetate of lime, at 10° B. 
500 „ wheat-starch. 

Boil well together, stir till cold, and add 

200 grms. acetate of alumina, at 15° B. 

Very Dark Red, 

3300 grms. alizarin, at 15 per cent. 
10 litres thickening. 
490 grms. nitrate of alumina, at 15° B. 
600 „ acetate of alumina, at 12° B. 
500 „ acetate of lime, at 16° B. 



Red for MiUe Fleura Styles, 

2600 grms. alizarin, at 15 per cent. 
10 litres thickening for red (see A, p. 222). 
300 grms. nitrate of alumina, at 15° B. 
600 „ acetate of alumina, at 12° B. 
400 „ acetate of lime, at 16° B. 



Digitized by 



Google 



APPENDIX. 221 



Hed without OH. 



2800 gnus, alizarin, at 15 per cent. 
4800 „ acetic acid, at S° B. 
1800 „ flour. 
2400 „ water. 

Boil well, stir till cold, and add 

487 grms. acetate of lime, at 16° B. 
1000 grms. nitrate of alumina, at 15° B. 
1500 „ hyposulphite of lime, at 9° B. 



Deep Red and Rose, 

1000 grms. alizarin, at 15 per cent. 
8000 „ thickening. 
500 „ acetate of alumina, at 12° B. 
250 „ acetate of lime, at 16° B. 

Rose is obtained by letting'down 1 part of this colour with 2 to 3 
parts of the thickening for leds. 

In styles where a red ground is flrst printed on it, it must be 
sfceamed for an hour before printing the pattern, after which it is 
steamed for an hour, and aired for twenty-four hours. It is then 
passed through one or other of the following baths : — 

1000 litres water. 

60 lbs. chalk. 

3 lbs. tin crystals, or : 

1000 litres water. 

40 lbs. chalk. 

10 „ arseniate of soda. 

The pieces are winced through at 122° to 144° Fahr., at such a 
speed that each remains in the bath from one to one and a-half minutes. 
They are then washed and cleared as follows : — 

For 10 pieces of 50 metres — 

1st soaping : 3 lbs. soap, \ lb. tin crystals, at 122° F., half-an-hour. 
2nd „ 3 lbs. soap, at 167° F., half-an-hour. 

3rd „ 3 lbs. soap, at 167° to 178° F., half-an-hour. 

Wash between each soaping. 
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Thickening for Red 8. 



6000 grms. wheat-starch. 

20 litres water. 

4 „ acetic acid, at 6^ B. 

10 „ tragacanth mucilage (at 

2 ozs. gum tragacanth per litre). 
1500 grms. olive oil. 

Boil well together. 
B. 
17 litres water. 
17 „ acetic acid, at 6° B. 
6 kilos, wheat-starch. 
1500 grms. olive oil. 



Nitrate of Alumina, 

1000 parts nitrate of lead, 1000 parts alum, 2000 parts (hy 
weight) water. Nitrate of alumina gives the reds a yellower tone 
than does the acetate. When the fonner salt is tised, more acetate of 
lime must he added. 



Acetate of Alumina (Red Liquor). 

15000 grms. hydrate of alumina (hasic sulphate) are stiired into 
6 litres acetic acid at 8° B., heated, filtered^ and set at the strength 
required. 

Hydrate of Alumina. 

* 

Dissolve 36 kilos, alum in 400 litres water, and precipitate, with 
a solution of 31 kilos, soda, in 400 litres of water. The precipitate is 
washed eight times hy decantation, collected on a filter, and pressed. 
When a 15 per cent, alizarin paste is used, an addition of 30 per cent, 
of its weight of acetate of alumina, at 12° B., is generally requisite. 

It is important to dissolve the hydrate of alumina in acetic acid 
always at one and the same temperature, 25° C, as the results cannot 
be otherwise constant. 
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Acetate of Lime Solution. 

A solution at 16° B. contains 25 per cent, of acetate of lime. 
Well- washed aUzarin-paste requires 15 per cent, of its weight of this 
solution. But for every fresh lot of alizarin the necessary quantity of 
acetate of lime should be experimentally determined. 



Printing Colour /or Purples, 

900 grms. alizarin, at 15 per cent. 
10 litres thickening for violets. 
200 grms. acetate of iron, at 12° B. 
370 „ acetate of lime, at 16° B. 



Purple Thickening, 

5000 grms. starch. 

18 litres water. 

9 „ tragacanth mucUage (2 ozs. per litre of water). 

1000 grms. olive oil* 

Boil well, and stir till cold. 

The printed pieces are steamed for one to two hours at half an 
atmosphere, and then hung up for twenty-four to thirty-six hours. They 
are next passed, spread out in their full width, through the following, 
mixture, in a cistern fitted with rollers, at the temperature of 122° to 
144° F., for one and a half to two hours : — 

1000 litres water. 

20 kilos, chalk. 

5 „ arseniate of soda. 

They are next washed and soaped, at 144° to 167° F., for half-an- 
hour with 1500 grms. of soap per 10 pieces of 50 metres. After 
soaping, they are washed, dried, and finally slightly chlored, if 
needful. 

An addition of arseniate of soda makes the violets much brighter. 

Before introducing the pieces into the steam-chest, they must be 
carefully and perfectly dried. The best results are obtained with very 
dry pieces and very moist steam. 
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PrvrUing Colour for Browns, 

6000 grms. aliiarin, at 15 per cent. 

10 litres thickening. 

900 gnuB. nitrate of alumina, at 18° B. 

400 „ acetate of alumina, at 13° B. 

400 „ red prussiate (previously dissolved in water). 

500 „ acetate of Kme, at 18° B. 

To obtain a yellow shade, add 30 grms. bark liquor, at 20° B., per 
litre of colour. 

To this brown colour any old spoiled red colours may be advan- 
tageously added, mixing with each 20 to 30 grms. of red prussiate of 
potash, dissolved in water, per litre. 

Dyeing with Purpurin. 

Purpurin dyes very readily, and without requiring the beck to be 
at a very high temperature. 

Dyeing Cottons. 

Goods mordanted for red, rose, and black, dye up very well, and a 
light soaping at 122° to 144° F. cleans the whites perfectly, and clears 
the colours sufficiently. The parts mordanted for puiple dye up with 
the same ease, but the purples are greenish. 

Purpurin is used for styles with white grounds, handkerchiefs, <kc. 
It resists air and light well, but is not so permanent in boiling soap-becks. 
In such styles its use is very economical. One or 2 grms. give the 
fullest shades on a square metre or a handkerchief. A simple soaping 
renders the grounds perfectly white, and imparts the desired brilliance 
to the colours. Bed and black handkerchiefs are preferably got up 
with purpurin, 2 grms. of which, with 5 grms. of sumach, dye a 
handkerchief perfectly the fiillest red shade, whilst a single passage 
through bran after dyeing leaves the grounds perfectly white. 

WooUens (Yam or Pieces). 

Wool dyes very well with purpurin. It is mordanted in the 
usual manner, with the addition of a little tannin for the red tones. 
The dyed goods require merely washing, and present then very 
brilliant shades, of a satisfactory permanence. 
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To prepare red steam coloiixs with purpurin for goods mordanted 
with alumina, the following method is recommended : — Add to the 
purpurin 20 per cent, of its weight of soda, mix well, and add hot soft 
water. A splendid red colour is thus obtained, which is filtered, and 
allowed to cool a little. It is then mixed with starch-paste, so that 
the consistence may be fit for printing. The colour keeps for a long 
time without spoiling. After printing, the goods are steamed and 
washed. Twenty grms. of purpurin per litre yield a very full red. 
If, on filtering the solution of purpurin, any colouring-matter remains 
on the filter, it may be used in ordinary dyeing operations. 

In dyeing wool with purpurin, we mordant as for garancin, either 
with tartar and alum or tartar and tin solution. The tin solution, 
which gives the best results, is — 

300 parte nitric acid, 
100 „ water, 
50 „ sal-ammoniac, 
50 „ tin, 

which is added gradually, the dissolving-pan being set in cold water. 
This solution is used after fiiltration. 

To mordant the wool, it is entered in the beck at 30°, and raised 
in the course of an hour to 70° C. It is then taken out, wrung, and 
dyed in purpurin, entering at 30° C, and raising to a boil in half- 
an-hour. 

The purpurin may be advantageously neutralised with a little soda 
or crystalline carbonate of ammonia. For this purpose it is put in a 
bottle, with a sufficient quantity of boiling water, and the alkaline 
carbonate is added. The whole is then poured into the dye-beck. 

Wool mordanted with alum and tartar takes a very bright 
crimson. If mordanted with tartar and tin solution, it is dyed almost 
as fine a red as with cochineal, 2 to 4 grms. sufiEicing for a square 
metre of muslin or merino. To obtain a very bright orange- red, the 
wool is prepared with tartar and tin solution, to which a little young 
fustic or exti-act of fustic has been added. The whole is heated to 
70° C. in a tin dye-pan, lifted, rinsed in flowing water, and dyed with 
purpurin as above. If the tone is not sufficiently orange, a little 
extract of young fustic may be added to the dye-beck. 

Wool 'mordanted with alum is printed with purpurin in the same 
manner as cotton. 

Purpurin can be fixed upon silk in the following manner : — The 
silk is mordanted with acetate of alumina, at 5° B., and dried or 
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prepared with precipitated alum, obtained by adding hydrate of 
alumina to common alum. Filter the solution when cold, and set it at 
7° B. by the addition of water. The handkerchiefs are passed twice 
through this mordant, and dried at a steam heat. The next day they 
are passed through water at 50° C. In mordanting silk with acetate 
of alumina, a little chalk is added to the water. Dry at once, and 
stiffen with a little gum Senegal, or preferably tragacanth, at 2-5 grms. 
per liti-e. 

The goods are then printed with the following colour : — S2 grms. 
of purpurin, finely ground, are mixed with 1 litre of water, and 12 
grms. soda-crystals are added. The purpurin dissolves perfectly in a 
few minutes, and the solution is strained through calico. 

It is thickened with 200 grms. pale calcined starch, and the whole 
is then boiled. Print when the colour is cold, and steam with pressure 
when dry. Wash and soap in a weak clear soap-beck, at 40°-50° C, 
or even hotter. Half a gramme or a gramme of tannin may be added 
to the colour, dissolved in water holding 1 grm. of soda-crystals in 
solution. 

Purpurin yields reds as deep as can be required, if the above-stated 
proportions between the colouring-matter and the soda are increased. 
All slightly alkaline salts may serve to dissolve purpurin. Borax or 
basic borate of soda is preferable, and dissolves rather more than soda- 
crystals; then follow the bicarbonates of soda and ammonia, carbonate 
of ammonia, potash, &c. Silicate of soda cannot be used, as under 
certain circumstances it yields gelatinous precipitates. 

Pxirpurin, in dyeing mordanted silks, differs remarkably from 
madder or garancin. Its high tinctorial power admits of a very ex- 
tended application, as the dye-becks can be perfectly exhausted. 

Purpurin can also be employed in the form of aluminous lakes, 
red or rose. For this purpose either of the two following methods 
may be adopted : — 

1. The solubility of purpurin in boiling salts of alumina is utilised; 
a solution of alum or other aluminous salt is heated, and purpurin is 
added, previously well ground up with water. The solution is allowed 
to cool down, and when luke-warm, a little chalk or soda is added, to 
hasten the precipitation of the lake. 

2. The puipurin is dissolved in water containing a veiy little 
soda, and this solution is poured into that of an aluminous salt. The 
aluminous lake is formed immediately. 
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Biography ; containing 

Concise Memoirs and No- 

tices of the most Eminent 

Persons of all Ages and 

Countries. 

By W. L. R. Gates. 

New Edition, &/<?. 25^. Supplement, 4?. 6d, 

Life of the Duke of 

Wellington. 

By the Rev. G. R. Gleig, 
M.A. ^ 

Crown ^o, with Portrait, 5j. 

The Rise of Great Fami- 
lies; other Essays and 
Stories. 

By Sir Bernard Burke, 
C.B. LL.D. 

Crown %fvo, izs, 6d, 

Memoirs of Sir Henry 
Havelock, K.C.B. 
Byjohn Clark Marskman. 

Vicissitudes of Families. 
By Sir Bernard Burke, 
C.B. 

2 vols, crown 8w. 21s. 



MENTAL and POLITICAL PHILOSOPHY. 
Comte's System of Posi- 
tive Polity, or Treatise upon 
Sociology. 

Translated from the Paris 
Edition of 185 1 -1854, 
and furnished with Ana- 
lytical Tables of Contents. 
In Four Volumes, ecu:h 
forming in some degree an 
independent Treatise: — 



Vol, I, General Viexv of Positivism and 
Introductory Principles, Translated by 



J. H. BridgeSyU.B, formerly Fellow 0/ Oriel 
College, Oxford, $vo, price 2\s, 

Vol, IL The Social Statics, or the Ab- 
stract Laws of Human Order, Translated 
by Frederic Harrison, M.A. ^o, price 14J. 

Vol. Ill, The Social Dynamics, or the 
General Laws of Human Progress {the Phi- 
losophy of History), Translated by E. S. 
Beesly, M.A. Professor of History in Uni- 
versity College, London, ^0, 

[Nearly ready. 

Vol, IV. The Synthesis of the Future of 
Mankind, Translated by Richard Congreve, 
M.D., and an Appendix, containing the 
Author's Minor Treatises, translated by 
H. D. Hutton, M.A, Barrister-at-Law. 
^o. [In the press. 
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Order and Progress : 
Part I. Thoughts on Go- 
vernment; Part II. Stu- 
dies of Political Crises. 
By Frederic Harrison^ 
M.A. of Lincoln's Inn. 

Svo, 14s, 

* We find from this book — a large part, and byfigr 
the more valuable part, of which is new — that 'Sfr. 
Harrison has devoted careful attention to what 
we shall call the constructive problems of political 
science. Whoever has mistaken him for a common- 
place Radical, either of the Chartist or the Trades 
Unionist type, has been wrong.... The best poli- 
tical thinkers for a quarter of a century or upwards 
have more or less vaguely felt that one grand pro- 
blem they had to solve was how. our governing 
apparatus may be made to yield ^ood government ; 
but we are not aware that any writer has looked it 
more fully in the face, or more carefully scanned it 
with a view to a solution, than Mr. Harrison.' 
Literary World. 



Essays, Political, Social, 

- and Religious. 
By Richd. Congreve, M.A. 

Svo, i&r. 

Essays, Critical and 

Biographical, contributed 
to the Edinburgh Review. 
By Henry Rogers. 

New Edition, 2 vols, crown Svo^ I2s, 

Essays on some Theolo- 
gical Controversies of the 
Time^ contributed chiefly 
to the Edinburgh Review. 
By Henry Rogers. 

New Edition, Crown Svo. 6s, 

Democracy in America. 
By Alexis de Tocqueville. 
Translated by Henry 
Reeve y Esq. 

New Edition, 2 vols, crown Svo, i6s. 

A2 



On Representative Go- 
vernments 
By John Stuart Mill. 

Fourth Edition^ crown Sfvo, 2s, 

On Liberty. 

By Jolm Sttcart Mill. 

Post Svo, *js, 6d. crown Svo, is, 4//. 

Principles of Political 

Economy. 

By John Stuart Mill 

2 vols, Svo, 3CXf. or i vol. crown Svo. ^s. 

Essays on some Unset tied 
Questions of Political Eco- 
nomy. 
By John Stuart Mill. 

Second Edition, Svo, 6s. 6d, 

Utilitarianism. 
By John Stuart Mill. 

Fourth Edition, Svo, ^s, 

A System of Logic, 
Ratiocinative and Induc- 
tive. 
By John Stuart Mill. 

Eighth Edition, 2 vols, Svo, 25J, 

Examination of Sir 
William Hamilton s Phi- 
losophy^ and of the princi- 
pal Philosophical Questions 
discussed in his Writings. 
By John Stuart Mill. 

Fourth Edition, Svo, i6s. 

Dissertations and Dis^ 
cussions. 
By John Stuart Mill. 

4 vols, Svo, price £2, 6s, 6d. 
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Analysis of the Pheno- 
mena of the Human Mind. 
By yames Mill. New 
Editiony with Notes, 
Illustrative and Critical. 

2 vols. Svo, 2&f. 

The Law of Nations con- 
sidered as Independent Po- 
litical Communities ; the 
Rights and Duties of 
Nations in Time of War. 
By Sir Travers TwisSy 
D.C.L. F.R.S. 

New Edition^ revised; with an Introductory 
Juridical Review of the Results of 
Recent Wars^ and an Appendix of 
Treaties and other Documents, Sz/o. 
price 2 1 J. 

Church and State; their 
relations Historically De- 
veloped. 

By T. Heinrich Geffcken, 
Professor of Interna- 
tional Law at the Uni- 
versity of Strasburg. 
Translated from the 
German by E. Fairfax 

Taylor. [in the press, 

A Systematic View of 
the Science of jurispru- 
dence. 
By Sheldon Amos, M.A. 

Svo. i&r. 

Af Primer of the English 
Constitution and Govern- 
ment. 
By Sheldon Amos, M.A. 

Second Edition, Crown %vo. 6s, 



Outlines of Civil Pro- 
cedure. Being a General 
View of the Supreme Court 
of Judicature and of the 
whole Practice in the Com- 
mon Law and Chancery 
Divisions under all the 

\Statutes now in force. 
With Introductory Essay ^ 
References, Time Table, 
and Index. Designed as a 
Systematic and Readable 
Manual for Students, and 
as a Handbook of General 
Practice. 

By Edward Stanley Roscoe, 
Barrister-at'Law. 

i2mo. price ^, 6d. 

Principles of Economical 

Philosophy. 

By H. p. Macleod, M.A. 
Barrister-at'Law. 

Second Edition^ in 2 vols. Vol, L Zvo, 15^. 
Vol, IL Part I, price \zs. 

The Institutes of yus-- 
tinian; with English In.- 
troduction, Translation, 
and Notes. 
By T. C. Sandars, M.A. 

Fifth Edition, ^0, iSs, 

Lord Bacon's IVorks, 
Collected and Edited by R. 
L. Ellis, M.A. 7. Sped- 
dingy M.A. and D. D. 
Heath. 

New and Cheaper Edition, 7 vols, &i^o, 
£Z, 13J. 6d, 
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Letters and Life of 
Francis Bacon, including 
all his Occasional Works. 
Collected and edited^ with 

a Commentary^ by J. 

Spedding. 

7 vols, &/£?. ;f 4. 4J'. 

The Nicomachean Ethics 
of A ristotle. Newly trans- 
lated into English. 
By R. Williamsy B.A. 

Svo. 1 2s, 

The Politics of Aristotle; 
Greek Text, with English 
Notes. 
By Richard Congrevey M.A . 

New Edition^ revised, ^0, i&r. 

The Ethics of Aristotle ; 
with Essays and Notes. 
By Sir A. Grant y Bart. 
M.A. LLD. 

Third Edition. 2 vols, Svo, price 32J. 

Bacon's Essays, with 
Annotations. 
By R. Whatefyy D.D. 

New Edition. Svo, los, 6d, 

Picture Logic ; an At- 
tempt to Popularise the 
Science of Reasoning by the 
combination of Humorous 
Pictures with Examples of 
Reasoning taken from Daily 
Life. 
By A. Swinbourney B.A. 

Second Edition ; with Woodcut Ultistratians 
from Drawings by the Author. Fcp. 
Svo. price ^s. 



Elements of Logic. 
By R. Whately, D.D. 

New Edition. Svo, 10s, 6d, cr. Svo, 4s. 6d. 

Elements of Rhetoric. 
By R. Whately, D.D. 

New Edition. Svo. 10s. 6d, cr. Svo. 4/, td. 

An Outline of the Neces^ 

sary Laws of Thought : a 
Treatise on Pure and 
Applied Logic. 

By the Most Rev. W. 
Thomson, D.D. Arch- 
bishop of York. 

Twelfth Thousand. Crown 2fvo. 6s. 

An Introduction to Men- 
tal Philosophy y on the In- 
ductive Method. 

By 7. D. Morell, LL.D. 



Philosophy without As-- 
sumptions. 

By the Rev. T. P. Kirk- 
many F.R.S. Rector of 
Croft y near Warrington. 

Svo, price ioj. dd, 

Ueberwe^s System of 
Logic, and History of 
Logical Doctrines. 

Translated, with Notes and 
Appendices, by T. M. 
Lindsay, M. A. F.R.S.E. 

^0. i6s. 
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The Senses and the 
Intellect, 
By A. Bain, LL.D. 

Third Edition^ Svo. 1$^. 

The Emotions and the 
Will. 

By Alexander Bai7i, LL.D. 
Professor of Logic in the 
University of Aberdeen. 

Third Edition^ thoroughly revised^ and in 
great part re-wf itten, Svo, price i 5j. 

Mental and Moral 
Science; a Compendium of 
Psychology and Ethics. 
By A. Bain, LL.D. 

Third Edition, Crown ^o. los, 6d, Or 
separately: Part I, Mental Scimce^ 6s, 6d, 
Part II, Moral Science^ 4r. 6d, 



On the Influence of 
Authority in Matters of 
Opinion. 

By the late Sir George 
Cornewall Lewis, Bart. 

Ne7u Edition, Svo, 14s, 

Hume's Treatise on Hu-^ 

man Nature. 

Edited, with Notes, &c. by 
T. H. Green, M.A. and 
the Rev, T. H. Grose^ 
M.A. 

2 vols, $vo, zSs, 

Hume's Essays Moral, 
Political^ and Literary. 
By the same Editors. 

2 vols, Svo, 2Ss, 



%* Tike above form a complete and uniform 
Edition of Hume's Philosophical 
Works, 



MISCELLANEOUS & CRITICAL ^VORKS. 



Miscellaneous and Post- 
humous Works of the late 
Henry Thomas Buckle. 
Edited,with a Biographical 
Notice, by Helen Taylor. 

3 vols, %vo, £2, i2s, 6d, 

Short Studies on Great 
Subjects. 
By y. A. Froude, M.A. 

Cabinet Edition, 2 vols, crown Svo. 12s, 
Library Edition, 2 vols, demy %vo, 24J. 

Manual of English Lite- 
rature, Historical and 
Critical. 
By Thomas Arnold, M.A. 

New Edition, Crown Svo, *js, 6d. 



Lord Macaulay's Mis- 
cellaneous Writings. 

Library Edition, 2 vols, Zvo, Portrait, 21J. 
People's Edition, i vol, cr, Svo, 4s, 6d, 

Lord Macaulay's Mis- 
cellaneous Writings and 
Speeches. 

Students^ Edition, Craivn Sevo, 6s, 

Speeches of the Right 
Hon. Lord Macaulay, cor- 
rected by Himself. 

Peoples Edition, Crown Svo. Jj. 6d, 

The Rev. Sydney Smiths 
Essays contributed to the 
Edinburgh Review. 

Authorised Edition, complete in One Volu$ne. 
Crown Svo, 2s, 6d, sewed, or 3J. ()d, cloth. 
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The Wit and Wisdom of 
the Rev. Sydney Smith. 

Crown Svo, 3J. 6d. 

German Home Life ; a 
Series of Essays on the 
Domestic Life of Germany. 

Repiinted^ with Revision and Additions^ 
from Fraser's Magazine, i vol. 
crown Svo. [Nearly ready. 

The Miscellaneous 
Works of Thomas Arnold y 
D.D. Late Head Master of 
Rugby School and Regius 
Professor of Modern His- 
tory in the Univ. of Ox- 
ford. 

Zvo. 7^. 6d. 

Realities of Irish Life. 
By W. Steuart Trench. 

Cr, Svo, 2s, 6d. sewed, or 3^. 6d, cloth. 

Lectures on the Science 
of Language. 
By F. Max Muller, M.A. 
&c. 

Eighth Edition, 2 vols, crown Svo. 16s, 

Chips from a German 
Workshop; being Essays 
on. the Science of Religion^ 
and on Mythology y Tradi- 
tionSy and Customs. 
By F. Max Muller, M.A. 

4 vols, Svo, j^2, iSs, 

Southey's Doctor, com- 
plete in One Volume. 
Edited by Rev. J. W. 
Warter, B.D. 

Square crown Svo. 12s, 6d. 



Lectures delivered in 
America in 1874. 
By Charles Kingsley, late 
Rector of Eversley. 

Crown Svo. $s. 

Families of Speech. 
Four Lectures delivered at 
the Royal Institution. 
By F. W. Farrar, D.D. 

New Edition. Crown Svo, 3^. 6d. 

Chapters on Language. 
By F. W. Farrar, D.D. 

New Edition, Crown Svo, ^s. 

A Budget of Paradoxes. 
By Augustus De Morgan. 

Reprinted, with Author^ s Additions, from 
the Athenaeum. ^0, 15^. 

Apparitions ; a Narra- 
tive of Facts. 

By the Rev. B. W. Savile, 
M.A. Autlior of ' The 
Truth of the Bible' &c. 

Croivn Svo, price 4r. td. 

The Oration of Demos- 
thenes on the Crown. 
Translated by the Right 
Hon. Sir R. P. Collier. 

Crown Svo, ^s. 

Miscellaneous Writings 

of John Conington, M.A. 

Edited by J. A. Symonds, 

M.A. With a Memoir 

by H. y. S. Smith, M.A. 

2 vols, Svo, 2Ss, 
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Recreations of a Country 
Parson. 
By A. K. H. B. 

Two Series f y, 6d. each. 

Landscapes, Churches, 
and Moralities. 
By A. K. H. B. 

Crown Svo, $s. 6d, 

Seaside Musings on Sun-- 
days and Weekdays. 
By A. K. H. B. 

Crown ^fvo, jj. dd. 

Changed A spects of Un- 
changed Truths. 
By A. K. H. B. 

Crown ^o. y, 6d, 

Counsel and Comfort 
from a City Pulpit. 
By A. K. H. B. 

Crown ^o, y. 6d, 

Lessons of Middle Age. 
By A. K. H. B. 

Crown %fvo, y, 6d, 

Leisure Hours in Town. 
By A. K. H. B. 

Crown 8zv. y, 6d, 



The Autumn Holidays 
of a Country Parson. 
By A. K. H. B. 

Crown ^o. y. 6d^ 

Sunday Afternoons at 
the Parish Church of a 
Scottish University Ctty. 
By A. K. H. B. 

Crown Bwf, y, 6d. 

The Commonplace Phi- 
losopher in Town and 
Country. 
ByA.K.H.B. 

Crown Zvo, 3J. dd. 

Present'Day Thoughts. 
By A. K. H. B. 

Crown $z/o. y, 6d. 

Critical Essays 
Country Parson. 
By A. K. H. B. 

Crown ^0, y, 6d, 



of 
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The Graver Thoughts of 
a Country Parson. 
By A. K. H. B. 

Three Series^ y. 6d, each. 
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DICTIONARIES and OTHER BOOKS of 
REFERENCE. 



A Dictionary of the 
English Language. 

By R. G. Latham, M.A. 
M.D. Founded on the 
Dictionary of Dr. S. 
Johnson, as edited by 
the Rev. H. J. Todd, 
with numerous Enunda- 
tions and Additions. 

4 vols. 4/<7. £*], 

Thesaurus of English 
Words and Phrases, classi- 
fied and arranged so as to 
facilitate the expression of 
Ideas, and assist in Literary 
Composition. 

By P. M. Roget, M.D. 

Crown Sz/o. lor. 6d, 

English Synonymes. 

By E.J. Whately. Edited 
by Archbishop Whately. 

Fifth Edition, Fcp, ^o, y. 

Handbook of the English 
Language. For the use of 
Sttidentsofthe Universities 
and the Higher Classes in 
Schools. 

By R. G. Latham, M.A. 
M.D. &c. late Fellow of 
Kings College, Cam- 
bridge; late Professor of 
English in Univ. Coll. 
Lond. 

TJu Ninth Edition. Crown %vo. 6s. 



A Practical Dictionary 
of the French and English 
Languages. 

By Ldon Contanseau, many 
years French Examiner 
for Military and Civil 
Appointments, &c. 

Post Svo. 7j. 6</. 

Contanseau' s Pocket Dic- 
tionary, French and Eng- 
lish, abridged from, the 
Practical Dictionary, by 
the Author. 

Square iSmo. y. 6d. 

A New Pocket Dic- 
tionary of the German and 
English Languages. 
By F. W. Longman, Bal- 
liol College, Oxford. 
Founded on Blcu:kley and 
Friedldnder's Practical 
Dictionary of the Ger- 
man and English Lan- 
guages. 

Square iSmo. price ^s. 

A Dictionary of Roman 
and Greek Antiquities. 
With 2,ooo Woodcuts 
from Ancient Originals, 
illustrative of the Arts 
and Life of the Greeks and 
Romans. 
By Anthony Rich, B.A. 

Third Edition. Crown %vo, Js. 6d. 
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New Practical Diction-- 
ary of the German Lan- 
guage ; German - English 
and English-Germafi. 
By Rev. W. L. Blackley, 

M.A. and Dr. C. M. 

Friedldnder. 

Post Svo. Js. 6d, 

The Mastery of Lan- 
guages ; or, the Art of 
Speaking Foreign Tongues 
Idiomatically. 
By Thomas Prendergast. 

Second Edition. Svo. ts, 

A Greek-English Lexi- 
con. 

By H. G. Liddell, D.D. 
Dean of Christchurch^ 
and R. Scott, D.D. 
Dean of Rochester. 

Sixth Edition, Crown 4A7. 361. 

A Lexicon, Greek and 
English, abridged for 
Schools from Liddell and 
Scotfs Greek - English 
Lexicon. 

Fourteenth Edition, Square i2mo, *js, 6d. 

An English-Greek Lexi- 
con, containing all the Greek 
Words used by Writers of 
good authority. 
By C. D. Yonge, M.A. 

New Edition, ^o. 21s, 

Mr. C. D. Yonge' s New 
Lexicon, English and 
Greek, abridged from his 
larger Lexicon. 

Square i2mo, Ss, 6d. 



A Latin-English Dic- 
tionary. 
By John T. White, D.D. 

Oxon. and J. E. Riddle^ 

M.A. Oxon. 

Fifth Edition^ revised, I vol, ^o, 28^. 

White's College Latin-- 

English Dictionary ; 
abridged from the Parent 
Work for the use of Uni- 
versity Students. 

Third Edition, Medium %vo, ly. 

A Latin -English Dic- 
tionary adapted for the use 
of Middle-Class Schools, 
By John T. White, D.D. 
Oxon. 

Square fcp, Svo, y. 

White' syunior Student's 
Complete Latin - English 
and English-Latin Dic- 
tionary. 

Square i2mo, 12s, 

cwi ^/./English-Latin, 5 J. 6</. 
5;r/«ra/f/^|LATiN.ENGLiSH, Js, 6d. 

M'CullocKs Dictionary, 
Practical, Theoretical, and 
Historical, of Commerce 
and Commercial Naviga- 
tion. 

Edited by H. G. Reid. 

Svo, 63J. 
Supplement, price 5j. 
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A General Dictionary 
of Geography y DescriptivCy 
Physical, Statistical, and 
Historical; forming a com- 
plete Gazetteer of the World. 
By A. Keith Johnston. 

New Edition^ thoroughly revised, 

\In the press. 

The Public Schools Ma- 
nual of Modem Geography. 
Forming a Companion to 
' The Public Schools Atlas 
of Modern Geography' 

By Rev. G. Butler, M.A. 

[/ft the press. 



The Public Schools Atlas 
of Modern Geography, ' In 
31 Maps, exhibiting clearly 
the more important Physi- 
cal Features of the Coun- 
tries delineated. 
Edited, with Introduction, 
by Rev. G. Butler, M.A. 

Imperial %vo, price <^s. cloth ; or in imperial 
^o. 3J. 6d. sewed <Sr» $s. cloth. 

The Public Schools Atlas 
of Ancient Geography, 
Edited, with an Introduc- 
tion on the Study of An- 
cient Geography, by the 
Rev. G. Butler, M.A, 

Imperial Quarto. [In the press. 



ASTRONOMY and METEOROLOGY. 



The Universe and the 
Coming Transits; Re- 
searches into and New 
Views respecting the Con- 
stitution of the Heavens. 
By R. A. Proctor, B.A. 

With 22 Charts and 22 Diagrams, ^o. i6s. 

Saturn and its System. 
By R. A. Proctor, B,A. 

%(vo, with 14 Plates, i\s. 

The Transits of Venus ; 
A Popular Account of Past 
and Coming Transits, from 
the first observed by Hor- 
rocks A.D, 1639 to the 
Transit of a,d, 2012. 
By R. A. Proctor, B.A. 

Second Edition^ revised and enlarged^ with 
20 Plates (12 Coloured) and 21 Wood- 
cuts, Crown %vo, %s, 6d, 

A3 



Essays on Astronomy. 
A Series of Papers on 
Planets and Meteors, the 
Sun and Sun-surrounding 
Space, Stars and Star 
Cloudlets. 
By R. A. Proctor, B.A. 

With lo Plates and 2^ Woodcuts. 2>vo. I2J. 

The Moo7t ; her Motions, 
Aspect, Scenery, and Phy- 
sical Condition. 
By R. A. Proctor, B.A. 

With Plates, Charts, Woodcuts, and Lunar 
Photographs, Crown 2>vo, 15J. 

The Sun ; Ruler, Light, 
Fire, and Life of the Pla- 
netary System. 
By R. A. Proctor, B.A. 

Second Edition, Plates and Woodcuts. Cr. 
%vo, i\s. 
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The Orbs Around Us; a 
Series of Familiar Essays 
on the Moon and Planets^ 
Meteors and Comets, the 
Sun and Coloured Pairs of 
Suns. 
By R. A. Proctor, B.A. 

Second Edition, with Chart and ^ Diagrams, 
Crown Svo, Js, 6d, 

Other Worlds than Ours; 
The Plurality of Worlds 
Studied under the Light 
of Recent Scientific Re- 
searches. 
By R. A. Proctor, B.A. 

Third Edition, with 14 Illustrations, Cr. 
Svo. ios.6d, 

Brinkley's Astronomy. 
Revised and partly re-writ- 
ten, with Additional Chap- 
ters, and an Appendix of 
Questions for Examination. 
By John W. Stubbs, D.D. 
and F. Brunnow, Ph.D. 

With 49 Diagrams. Crown Zvo, dr. 

Outlines of Astronomy. 
By Sir 7. F. W. Herschel, 
Bart. M.A. 

Latest Edition^ with Plates and Diagrams, 
Square crown Svo, 12s, 

The Moon, and the Con- 
dition and Configurations 
of its Surface. 
By Edmund Neisony Fellow 
of the Royal Astrono- 
mical Society &c. 

Illustrated h Maps and Plates, 

[Nearly ready. 



Celestial Objects for Com^ 
man Telescopes. 

By T. W. Webb, M.A. 
F.R.A.S. 

New Edition^ with Map of the Moon and 
Woodcuts, Crown Zvo, 'js, 6d, 

'By universal consent of observers in this 
country, Mr. Wbbb's Celestial Objects has taken 
the place of a standard text-book. With a book so 
well known and so highly ap^^reciated, we have 
Uttle more to do than to mention the appearance 
of a new edition, which we know has been wanted for 
some time, and which those who survey the glories 
of the heavens will be anxious to obtain.' 

The Student. 



A New Star Atlas, for 
the Library, the School, and 
the Observatory y in 1 2 Cir- 
cular Maps {with 2 Index 
Plates). 

By R. A. Proctor, B.A. 

Crown Svo, ^s. 



LargerStarA t las for the 
Library, in Twelve Cir- 
cular Maps, photolitho- 
graphed by A. Brothers, 
F.R.A.S. With 2 Index 
Plates and a Letterpress 
Introdtiction. 

By R.A. Proctor, BA. 

Second Edition, Smctll folio, 25X. 



Dove's Law of Storms, 
considered in connexion with 
the ordinary Movements of 
the Atmosphere. 

Translated by R. H. Scott, 
M.A. 

%fuo, \Qs, 6d. 
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Air and Rain ; the Be- 
ginnings of a Chemical 
Climatology. 
By R. A. Smith, KR.S. 

&/0. 24J. 

Air and its Relations to 
Life, 1774-1874; a Course 
of Lectures delivered at the 
Royal Institution of Great 
Britain in 1874, with some 
Additions. 

By Walter Noel Hartley, 
F.CS. Demonstrator of 
Chemistry at King's 
College, London. 

Small ^o, with IllmtraHonSt 6s, 



Nautical Surveyings an 
Introduction to the Practi- 
cal and Theoretical Study 

of 

By y. K. Laughton, M.A. 

Small ^0. 6j. 

Schellen s Spectrum A na- 

lysis, in its Application to 

Terrestrial Substances and 

the Physical Constitution of 

the Heavenly Bodies. 

Translated by Jane and 

C. Lassell; edited, with 

Notes, by W. Huggins, 

LL.D. R.R.S. 

With 13 Plates and 22^ Woodcuts. Svo, 2&r. 



NATURAL HISTORY and PHYSICAL 
SCIENCE. 



Professor Helmholtz' 
Popular Lectures on Scien- 
tific Subjects. 
Translated by E. Atkinson, 
PCS. 

With many Ulustratwe Wood Engravings. 
8z/<7. I2J. 6d, 

Ganofs Natural Philo- 
sophy for General Readers 
and Young Persons; a 
Course of Physics divested 
of Mathematical FormulcB 
and expressed in the lan- 
guage of daily life. 

Translated by E.Atkinson, 
F.CS. 

Second EdUum^ with 2 Plates and 429 
Woodcuts. Crown 8w, *]5, 6d. 



The Correlation of Phy- 
sical Forces. 

By the Hon. Sir W. R. 
Grove, F.R.S. &c. 

Sixth Editton, with other Contributions to 
Science, Svo. 1 5 J. 

JVeinholds Introduction 
to Experimental Physics, 
Theoretical and Practical ; 
including Directions for 
Constructing Physical Ap- 
paratus and for Making 
Experiments. 

Translated by B. Loewyy 
F.R.A.S. With a Pre- 
face by G. C. Foster, 
F.R.S. 

With 3 Coloured Plates and ^o^ Woodcuts. 
^0, price 3 1 J. 6^. 



Digitized by 



Google 



20 



NEW WORKS PUBU8HED BY LONGMANS & CO. 



Ganofs Elementary 
Treatise on PhysicSy Ex- 
perimental and Appliedy 
for the use of Colleges and 
Schools. 

Translated and edited by E. 
Atkinson, F.CS. 

Seventh Edition, with 4 Coloured Plata &* 
758 Woodcuts, Post ^o, 15J, 

\* Problems and Examples in Physics, 
an Appendix to t/ie Seventh and other 
Editions of Ganofs Elementary Trea- 
tise, Svo. price is. 



Text-Books of Science, 
Mechanical and Physical, 
adapted for the use of Arti- 
sans and of Students in 
Public and Science Schools. 

Small Svo, Woodcuts, 

The following Text-Books 
in this Series may now be 
had: — 

Anderson's Strength of Materials, 3J. 6d. 

Armstrong's Organic Chemistry, 3J. 6d, 

Barry's Railway Appliances, y. (>d. 

Bloxam's Metals, y, 6d. 

Goodeve's Mechanics, y. 6d. 

— — — Mechanism, 3J. (id. 

Griffin's Algebra <Sr» Trigonometry, 3J. dd. 

Notes on the same, with Solutions, 3J. dd. 
Jenkin's Electricity dr» Magnetism, y, 6d, 
Maxwell's Theory of Heat, jr. 6d, 
Merrifield's Technical Arithmetic, 3J. 6d, 

Key, 3J. 6d. 
Miller's Inorganic Chemistry, 3^. 6d, 
Preece and Sivewright's Telegraphy, y, (>d, 
Shelle/s Workshop Appliances, 3J. 6d, 
Thorpe's Quantitative Analysis, 4?. 6d, 
Thorpe and Muir's Qualitative Analysis^ 

Zs. 6d, 
Watson's Plane <Sr* Solid Geometry, y, 6d. 

*^* Other Text-Books, in extension of this 
Series, in active preparation. 



Principles of Animal 
Mechanics. 

By the Rev. S. Haughtofty 
F.R.S. 

Second Edition, Svo, 2is, 

Fragments of Science. 
By John Tyndall, F.R.S. 

New Edition, crown &/<?. lor. 6^. 

Heai a Mode of Motion. 
By John Tyndall, F.R.S. 

Fifth Edition, Plate and Woodcuts. 
Crown Svo, I or. 6d, 

Sound. 

By John Tyndall, F.R.S. 

Third Edition, including Recent Researches 
on Fog'SigncUling ; Portrait and Wood- 
cuts, Crown Svo, icxf. dd. 

Researches on Diamag- 
netism and Magne-Crystal- 
lie Action; including Dia- 
magnetic Polarity. 
By John Tyndall, FR.S. 

With 6 Plates and many Woodcuts, Svo. 14^. 

Contributions to Mole- 
cular Physics in the do- 
main of Radiant Heat. 
By John Tyndall, FRS. 

With 2 Plates and ^i Woodcuts, Svo, i6f. 

Six Lectures on Light, 
delivered in Anurica in 
1872 and 1873. 
By John Tyndall, FR.S. 

Second Edition, with Portrait, Plate, and , 
59 Diagrams. Crown Svo. 'js. 6d. 
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Notes of a Course of Nine 
Lectures on Lights delivered 
at the Royal Institution. 
By John Tyndall, F.R.S. 

Crown Svo, is, sewed^ or is. 6d. cloth. 

Notes of a Course of 
Seven Lectures on Electri- 
cal Phenomena and Theo- 
ries, delivered at the Royal 
Institution. 
By John Tyndall, F.R.S. 

Crown Svo. is, sewed, or is, 6d, cloth, 

A Treatise on Magnet^ 
ism, General and Terres- 
trial. 
By H. Lloyd, D.D. D.C.L. 

%vo, price lOs, 6d, 

Elementary Treatise on 
the Wave-Theory of Light. 
By H. Lloyd, D.D, D.C.L. 

Third Edition, Svo. los, 6d, 

The Comparative Ana- 
tomy and Physiology of the 
Vertebrate Animals. 
By Richard Owen, F.R.S. 

With 1,472 Woodcuts, ^vols. ^0, £2. iy.6d. 

Sir H. HollancTs Frag- 
mentary Papers on Science 
and other subjects. 
Edited by the Rev. J. Hol- 
land. 

Svo. price l\5, 

Kirby and Spence's In- 
troduction to Entomology, 
or Elements of the Natural 
History of Insects. 

Crown &/<;. 5j. 



Light Science for Lei- 
sure Hours ; Familiar Es- 
says on Scientific Subjects, 
Natural Phenomena, &c. 

By R. A. Proctor, B.A. 

First and Second Series, 2 vols, crown ^0, 
Js, 6d, each. 

Homes without Hands ; 
a Description of the Habi- 
tations of Animals, classed 
according to their Principle 
of Construction. 

By Rev. J. G. Wood, M.A. 

With about 140 Vignettes on Wood, %vo, 14J. 

Strange Dwellings; aDe- 
scription of the Habitations 
of Animals, abridged from 
* Homes without Hands! 

By Rev. J. G. Wood, M.A. 

With Frontispiece and 60 Woodcuts, Crown 
Svo, p. 6d, 

Insects at Home; a Popu- 
lar Account of British 
Insects, their Structure 
Habits, and Transforma- 
tions. 
By Rev. J. G. Wood, M.A. 

With upwards of *joo Woodcuts, S7/0, 21s, 

Insects Abroad ; being a 
Popular Accountof Foreign 
Insects, theirStructure, Ha- 
bits, and Transformations. 
By Rev. J. G. Wood, M.A. 

With upwards of IQO Woodcuts, ^0, 2if 
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Out of Doors ; a Selec- 
tion of Original Articles 
on Practical Natural His- 
tory. 
By Rev. J. G. Wood, M.A. 

WUh 6 niusiraiions from Original Designs 
engraved on Wood, Crown $vo, *js, 6d, 

Bible Animals : a De- 
scription of every Living 
Creature mentioned in the 
Scriptures, from the Ape 
to the Coral. 
By Rev. J. G. Wood^M.A. 

With about 1 12 Vignettes on Wood. Sfi/o. 14s. 

The Polar World: a 
Popular Description of 
Man and Nature in the 
Arctic and Antarctic Re- 
gions of the Globe. 
By Dr. G. Hartwig. 

with Chromoxylographs, Maps, and Wood- 
cuts. %vo. loj. 6^. 

The Sea and its Living 
Wonders. 
By Dr. G. Hartwig. 

Fourth Edition, enlarged, %fvo, with many 
Illustrations, los, 6d. 

The Tropical World. 
By Dr. G. Hartwig. 

With about 200 Illustrations, %fvo, los, 6d, 

TheSubterraneanWorld. 
By Dr. G. Hartwig. 

H^ith Maps and Woodcuts, Svo, los. 6d, 

The Aerial World; a 
Popular Account of the 
Phenomena attd Life of 
the Atmosphere. 
By Dr. George Hartwig. 

With Map, 8 Chromoxylographs, and 60 
Woodcuts, Svo, price 2IJ. 



Game Preservers and 

Bird Preservers yOr ' Which 

are our Friends ? ' 

By George Francis Moranty 

late Captain 1 2th Royal 

Lancers & Major Cape 

Mounted Rifleman. 

Crovm Sz/o, price ^s, 

A Familiar History of 
Birds. 

By E. Stanley, D.D. late 
Ld. Bishop of Norwich. 

Fcp, %vo, with Woodcuts, y, 6d. 

Rocks Classified and De- 
scribed. 
By B. Von Cotta. 

English Edition, by P. H. Lawrence {with 
English, German, and French Syno- 
nymes), revised by the Author. Post 
8f<?. I4r. 

Excavations at the Kess-- 
lerloch near Thayngen, 
Switzerland, a Cave of the 
Reindeer Period. 
By Conrad Merk. Trans- 
lated by John Edward 
Lee, F.S.A. F.G.S. Au-^ 
thor of 'I sea Siluruni 
&c. 

With Sixteen Plates, Royal Svo. 7s. 6d, 

The Origin of Civilisa-' 
tion, and the Primitive 
Condition of Man; Men- 
tal and Social Condition of 
Savages. 

By Sir J. Lubbock, Bart. 
M.P. F.R.S. 

Third Edition,with 2$ Woodcuts. Svo, iSs. 
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The Native Races of the 
Pacific States of North 
America, 
By Hubert Howe Bancroft. 

VoL /. wad Tribes, tkdr Manners 
and Customs ; luith 6 Maps, Svo, 2$s, 

VoL If, Native Races of the Pacific 
States, %vo. 25J. 

Vol, IIL Myths and Languages, %fvo, 
price 251. 

Vol. IV, Antiquities and Architectural 
Remains, with Map. ^o, 25J. 

Vol. V, Aboriginal History and Migra- 
tions; Index to the Entire Work, With 
2 Maps, Svo, 2$s, 

%* This work may now be had complete in 
5 volumes, price £6, 5j. 

The Ancient Stone Im- 
plements, WeaponSy and Or- 
naments of Great Britain. 
By John Evans y F.R.S. 

With 2 Plates and 476 Woodcuts, ^0, 2&r. 

The Elements of Botany 

for Families and Schools. 

Eleventh Edition, revised 

by Thomas MoorCyF.L.S. 

Fcp, ^o. with 154 Woodcuts, 2s, 6d, 

The Rose Amateur's 
Guide, 
By Thomas Rivers. 

Tenth Edition, Fcp, %vo, 4J. 

On the Sensations of 

Tone, as a Physiological 

Basis for the Theory of 

Music, 

By H. HelmholtZy Pro- 
fessor of Physiology in 
the University of Berlin. 

Translated by A. J. Ellis, 

F.R.S. 

^0, 36J. 



A Dictionary of Science, 
LitercUurey and Art. 
Re-edited by the late W. T. 
Brande( the Author )and 
Rev. G. W. CoXy M.A^ 

NewEdition, revised, 3 vols, medium Svo, 63 J. 

The History of Modern 
MusiCy a Course of Lec- 
tures delivered at the Royal 
Institution of Great Bri- 
tain. 
By John Hullah. 

New Edition, Demy 8z/<?. &r. 6</. 

The Transition Period 
of Musical History; a 
Second Course of Lectures 
on the History of Music 
from the Beginning of the 
Seventeenth to the Middle 
of the Eighteenth Century y 
delivered at the Royal In- 
stitution. 
By John Hullah. 

New Edition^ i vol, demy 2a;o. 

[In the Spring, 

The Treasury of Botany, 
or Popular Dictionary of 
the Vegetable Kingdom ; 
with which is incorporated 
a Glossary of Botanical 
Terms. 
Edited by J. Lindleyy 

FR.S. and T. Moorey 

F.L.S. 

With 274 Woodcuts and 20 Steel Plates. 
Tm PattSffcp. 8w. 12s. 
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A General System of 
Descriptive and Analytical 
Botany. 

Translated from tke French 
of Le Maout and De- 
caisney by Mrs. Hooker. 
Edited and arranged 
according to the English 
Botanical System, by y. 
D. Hooker, M.D. &c. 
Director of the Royal 
Botanic Gardens, Kew. 

WUh^,lQoWoodcuts. Imperial%fvo,i\s,(id. 

Loudon's EncyclopcBdia 
of Plants ; comprising the 
Specific Character, Descrip- 
tion, Culture, History, &c. 
of all the Plants found in 
Great Britain. 

[VUh upwards o/i 2, OCX) Woodcuts, %vo, 42 J. 



Handbook of Hardy 
Trees, Shrubs, and Her- 
baceous Plants; containing 
Descriptions &c. of the 
Best Species in Cultivation ; 
with Cultural Details, 
Comparative Hardiness, 
suitability for particular 
positions, &c. Based on 
the French Work of De- 
caisne and Naudin, and 
including the 720 Original 
Woodcut Illustrations. 
By W. B. Hemsley. 

Medium divo, 2is, 

Forest Trees and JVood- 
land Scenery, as described 
in Ancient and Modern 
Poets. 

By William Menzies, De- 
puty Surveyor of Wind- 
sor Forest and Parks, &c. 

With Twenty Chromolithograpkic Plates, 
Folio, price £^, 5^. 



CHEMISTRY and PHYSIOLOGY. 



Millers Elements of 
Chemistry, Theoretical and 
Practical. 

Re-edited, with Additions, 
by H. Macleod, F.C.S. 

3 vols, Sz/o, 

Part I. Chemical Physics, 15J. 
Part II. Inorganic Chemistry, 2ij. 
Part III. Organic Chemistry, New 
Edition in the press. 



Health in the House, 
Twenty-five Lectures on 
Elementary Physiology in 
its Application to the Daily 
Wants of Man and Ani- 
mals. 
By Mrs. C. M. Buckton. 

New Edition. Crown ^o. Woodcuts, 2s, 
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Outlines of Physiology, 
Human and Comparative. 
By 7. Marshall, F.R.C.S. 
Surgeon to the Univer- 
sity College Hospital. 

2 vols, cr, ^0, with 122 Woodcuts, ^25, 

Select Methods in Chemi- 
cal Analysis, chiefly Inor- 
ganic. 
By Wm. CrookeSy F.R.S. 

With 22 Woodcuts. Crown Svo, 124 6d, 



A Dictionary of Che- 
mistry and the Allied 
Branches of other Sciences. 
By Henry Watts, F.C.S. 
assisted by eminent 
Scientiflc and Practical 
Chemists. 

6 vols, medium Svo. £S. 14s. 6d. 

Supplement completing 
the Record of Discovery to 
the year 1873. 

8z/£?. price 42J. 



The FINE ARTS and ILLUSTRATED 
EDITIONS. 



Poems. 

By William B. Scott. 

I, BcUlads and Tales, 11. Studies from 
Nature, III. Sonnets ^c. 

Illustrated by Seventeen Etchings by 
L. Alma Tadema and William B. Scott. 
Crown Svo. i^s. 

Half hour Lectures on 
the History and Practice 
of the Fine and Ornamen- 
tal Arts. 
By W. B. Scott. 

Third Editunty with 50 Woodcuts. Crown 
%vo, Zs, 6d. 

A Dictionary of Artists 
of the English School: 
Painters, Sculptors, Archi- 
tects, Engravers, and Orna- 
mentis ts; with Notices of 
their Lives and Works. 
By Samuel Redgrave. 

Svo, i6s, 
A4 



In Fairyland ; Pictures 
from the Elf World. By 
Richard Doyle. With a 
Poem by W. Allingham. 

With 16 coloured Plates^ containing 36 De- 
signs. Second Edition, folio, \^s. 

The New Testament, il- 
lustrated with Wood En- 
gravings after the Early 
Masters, chiefly of the 
Italian School. 

Crown 4/<7. 63J'. 

Lord Macaulay's Lays 
of Ancient Rome. With 
90 Illustrations on Wood 
from Drawings by G. 
Scharf 

Fcp. /^O, 21S. 

Miniature Edition, with 
Scharf s 90 Illustrations 
redtued in Lithography. 

Imp. i6mo. los, 6d. 
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Moore's Irish Melodies^ 
Maclisp s Edition, with 1 6 1 
Steel Plates. 

Super royal Svo, 31J. 6d. 

Sacred and Legendary 
Art. 
By Mrs. Jameson. 

6 vols, square crown ^0. price £^, 15X. 6</. 
as follows: — 

Legends of the Saints 
and Martyrs. 

New Edition^ with 19 Etchings and 187 
Woodcuts, 2 vols. 3 1 J. (id. 



Legends of the Monastic 
Orders. 

New Edition^ with 11 Etchings and 8S 
Woodcuts, I vol, 2is, 

Legends of the Madonna. 

New Edition^ with 27 Etchings and 165 
Woodcuts, I vol, 2 IX. 

The History of Our Lord, 
with that of his Types and 
Precursors. 

Completed by Lady East- 
lake. 

Revised Edition^ with 13 Etchings and 28 1 
Woodcuts, 2 vols, 42r. 



The USEFUL ARTS, MANUFACTURES, &c. 



Industrial Chemistry ; a 
Manual for Manufactu- 
rers and for Colleges or 
Technical Schools. Being a 
Translation of Professors 
Stohmann and Engler's 
German Edition ofPayetis 
^ Precis de Chimie Indus- 
triellcy by Dr. J. D. Barry. 
Edited, and supplemented 
with Chapters on the 
Chemistry of the Metals^ 
by B. H. Paul, Ph.D. 

^0, with Plates and Woodcuts, 

[In the press, 

Gwilfs Encyclopcedia of 
Architecture, with above 
i,6cx) Woodcuts. 
New Edition (1876), with 
Alterations and Addi- 
tions, by Wyatt Pap- 
worth. 

%fvo, 52J. 6^. 



The Three Cathedrals 
dedicated to St. Paul in 
London ; their History 
from the Foundation of 
the First Building in the 
Sixth Century to the Pro- 
posals for the Adornment 
of the Present Cathedral. 
By W. Longman, F.S.A. 

With numerous Illustrations, Square crown 
Svo, 2 IX. 

Lathes and Turning, 
Simple, Mechanical, and 
Ornamental. 
By W. Henry Northcott. 

With 240 Illustrations, $zfO. l8x. 

Hin ts on Household 
Taste in Furniture, Up- 
holstery, and other Details. 
By Charles L. Eastlake, 
Architect. 

yew Edition, with about 90 Illustrations, 
Square crown 2ivo, 14X. 
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Handbook of Practical 

Telegraphy. 

By R. S. Culley, Memb. 
Inst. C.E. Engineer-in- 
Chief of Telegraphs to 
the Post-Office. 

Sixth Edition, Plates (Sr* Woodcuts, $vo. i6s. 

A Treatise on the Steam 
Enginey in its various ap- 
plications to Mines^ MillSy 
Steam Navigationy Rail- 
ways and Agriculture. 

By y. Bourney C.E. 

With Portrait, 37 Plates, and 546 Wood^ 
cuts, 4to, 42s, 



Catechism of the Steam 
Enginey in its various Ap- 
plications. 

By John Bourney C.E. 

New Edition, with 89 Woodcuts, Fcp,%fvo, 6j. 

Handbook of the Steam 
Engine. 

By y. BournCy CE. form- 
ing a Key to the Author's 
Catechism of the Steam 
Engine. 

With 67 Woodcuts, Fcp, ^0, gj. 



Recent Improvements in 
the Steam Engine. 
By y. Boumcy CE. 

With 124 Woodcuts. Fcp. Svo, 6s, 



Encyclopcedia of Civil 
Engineeringy Historical^ 
Theoreticaly and Practical. 
By E. Cresyy CE. 

With above 3,000 Woodcuts. ^0. 42/. 

Ure's Dictionary of Arts ^ 
ManufactureSy and Mines. 
Seventh Editiony re-written 
and greatly enlarged by 
R. Hunty F.R.S. assisted 
by numerous Contributors. 

With 2, 100 Woodcuts, 3 vols, medium Sivo. 
pnce£s. 5^' 

Practical Treatise on 

Metallurgyy 

Adapted from the last Ger- 
manEdition of Professor 
KerVs Metallurgy by W. 
CrookeSy F.R.S. &c. and 
E. Rohrigy Ph.D. 

3 vols, ^0, with 625 Woodcuts, £^ l^. 

Treatise on Mills and 
Millwork. 
By Sir W. Fairbairny Bt. 

With 18 Plates and 322 Woodcuts, 2 vols. 
^0, 32J. 

Useful Information for 

Engineers. 

By Sir W. Fairbairny Bt. 

With many Plates and Woodcuts, 3 vols, 
crown ^0, 3 1 J. 6d, 

The Application of Cast 
and Wrought Iron to 
Building Purposes. 
By Sir W. Fairbairny Bt. 

With 6 Plates and 118 Woodcuts, $vo, i6s. 
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The Theory of Strains 
in Girders and similar 
Structures, with Observa- 
tions on the application of 
T/teory to PracticCy and 
Tables of the Strength and 
other Properties of Ma- 
terials. 

By BindonB. Stoney, M.A. 
M. Inst. C.E. 

New EdiHoH, royal S>vo. with 5 PlaUs and 
123 Woodcuts ^ 36J. 

Practical Handbook of 
Dyeing and Calico-Print- 
ing. 
By W. Crookes, F.R.S. &c. 

With numerous Illustrations and Specimens 
of Dyed Textile Fabrics, ^0. 42s. 

Occasional Papers on 
Subjects connected with 
Civil Engineeringy Gun- 
nery, and Naval Archi- 
tecture. 
By Michael Scotty Memb. 

Inst. CE. & of Inst. 

N.A. 

2 vols. ^0, with PlateSj 42/. 

MitchelVs Manual of 

Practical Assaying. 

Fourth Editiony revised, 
with the Recent Disco- 
veries incorporatedy by 
W. Crookesy F.R.S. 

crown $vo, JVoodcuts, 3IX. 6d. \ 



Naval Powers and their 
Policy : with Tabular 
Statements of British attd 
Foreign Ironclad Navies ; 
giving DimensionSy Arm- 
oury Details of Arniantenty 
EngineSy Speedy and other 
Particulars. 

By John C. Paget. 

%fvo. price lor. 6d, cloth. 



Loudon's Encyclopcedia 
of Gardening; comprising 
the Theory and Practice of 
HorticulturCy Floriculturey 
ArboriculturCy and Land- 
scape Gardening. 

With l,0CX) Woodcuts, Szfo, 2ls, 

Loudon's Encyclopcedia 
of Agriculture ; comprising 
the Laying'Outy Improve- 
ment y and Management of 
Landed Propertyy and the 
Cultivation and Economy 
of the Productions of Agri- 
culture. 

With 1,100 Woodcuts, Svo, 2ls. 

Reminiscences of Fen 
and Mere. 
By y. M. Heathcote. 

With 27 Illustrations and 3 Maps. Square 
^o. price 28j. 
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RELIGIOUS and MORAL WORKS. 



An Exposition of the 39 
Articles, Historical and 
Doctrinal, 

By E. H. Browne, D.D. 
Bishop of Winchester. 

New Edition. 2fvo, idf. 

Historical Lectures on 
the Life of Our Lord Jesus 
Christ. 
By C. J. Ellicott, D.D. 

Fifth Edition. %vo. I2s. 

« 

An Introduction to the 
Theology of the Church of 
England, in an Exposition 
of the 2,9 Articles. By Rev. 
T. P. Boultbee, LL.D. 

Three Essays on Reli- 
gion : Nature ; the Utility 
of Religion; Theism. 
By John Stuart Mill. 

Second Edition. Svo. price iQf. td. 

Sermons Chiefly on the 
Interpretation of Scrip- 
ture. 

By the late Rev. Thomas 
Arnold, D.D. 

%vo. price fs. 6d. 

Sermons preached in the 
Chapel of Rugby School ; 
with an AMress before 
Confirmation. 
By the late Rev. Thomas 
Arnold, D.D. 

Fcp. ^o. price jj. 6^. 



Christian Life, its 
Course, its Hindrances, 
and its Helps; Sermons 
preached mostly in the 
Chapel of Rugby School. 
By the late Rev. Thomas 
Arnold, D.D. 

Svo. p. 6d. 

Christian Life, its 
Hopes, its Fears, and its 
Close; Sermons preached 
mostly in the Chapel of 
Rugby School. 
By the late Rev. Thomas 
Arnold, D.D. 

Svo. 'js. 6d. 

Religion and Science, 
their Relations to Each 
Other at the Present 
Day; Three Essays on 
the Grounds of Religious 
Beliefs. 

By Stanley T. Gibson, B.D. 
Rector of Sandon, in 
Essex; and late Fellow 
of Queen's College, Cam- 
bridge. 

8w. price los. 6d. 

Notes on the Earlier 
Hebrew Scriptures. 
By Sir G. B. Airy, K.C.B. 

Svo. price dr. 

Synonyms of the Old Tes- 
tament, their Bearing on 
Christian Faith and 
Practice. 
By Rev. R. B. Girdlestone. 

Svo. l$S. 
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The Primitive and Ca- 
tholic Faith in Relation to 
the Church of England. 
By the Rev. B. W. Savile, 
M.A . Rector of Shilling" 
fordy Exeter. 

%vo, price *js. 

The Eclipse of Faith ; 
or a Visit to a Religious 
Sceptic. 
By Henry Rogers. 

Latest Editum. Fcp, ^o. 51. 

Defence of the Eclipse of 
Faith. 
By Henry Rogers. 

Latest Edition. Fcp. Svi?, y. 6d. 



A Critical and Gram- 
matical Commentary on St. 
Paul's Epistles. 
By C. y. Ellicott, D.D. 

^uo. Galatians, &r. 6^. Ephesians, %s, 6d. 
Pastoral Epistles, I or. 6d. Philippi- 
ans, Colossians, & Philemon, lor. 6d. 
Thessalonians, 7^. 6d. 



The Life and Epistles of 
St. Paul. 
By Rev. W. J. ConybearCy 

M.A. and Very Rev. J. 

S. Howson, D.D. 

Library Edition, with all the Original 
Illustrations^ Maps^ Landscapes on Steel, 
Woodcuts, S^c. 2 vols. 4to. 42s. 

Intermediate Edition, with a Selection 
of Maps, Plates, and Woodcuts, 2 vols, 
square crown Sw, 21s, 

Student's Edition, revised and condensed, 
with 46 Illustrations and Maps, I vol, 
crown Svo, gs. 



An Examination: into 
the Doctrine and Practice 
of Confession. 

By the Rev. W. E. yelf, 
B.D. 

8vtf . price y, 6d„ 

Evidence of the Truth 
of the Christian Religion 
derived from the Literal 
FulfUment of Prophecy. 
By Alexander Keiths D.D. 

40M Edition^ with numerous Plates.. 
Square &i/o, I2s. 6d, or in post Svo. 
with 5 Plates, 6s, 

Historical and Critical 
Commentary on the Old 
Testament; with a New 
Translation. 
By M. M. Kalisch, Ph.D. 

Vol, I. Genesis, 8w. i8j. or adapted for the 
General Reader, 12s. Vol. IL Exodus, 
15^. or adapted for the General Reader ^ 
I2s. Vol, III, Leviticus, PaH I, I Jj. 
or adapted for the General Reader^ 8*. 
Vol, IV, Leviticus, Part II, \^, or 
adapted for the General Reader ^ Zs, 

The History and Litera- 
ture of the Israelites^ ac- 
cording to the Old Testa- 
ment and the Apocrypha. 
By C. De Rothschild and 
A. De Rothschild. 

S^ond Edition, 2 vols, crown Svo. 12s, 6d, 
Abridged Edition, in l vol, fcp, &/<?. y. 6d. 

Ewald's History of 

Israel. 

Translated from the Ger- 
man by y. E. Carpenter^ 
M.A. with Preface by 
R. MariineaUy M.A. 

5 vols. Bivo, 63J. 
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Ew aid's Antiquities of 
Israel. 

Translated from the Ger- 
man by Henry Shaen 
Solly, M.A. 

Sz/o. I2J. 6d, 

The Types of Genesis, 

briefly considered as reveal- 
ing the Development of 
Human Nature. 
By Andrew yukes. 

Third ^diHon. Crown Svo, *js, 6d. 

The Second Death and 
the Restitution of all 
Things ; with some Pre- 
liminary Remarks on the 
Nature and Inspiration of 
Holy Scripture. 
By Andrew jfukes. 

Fourth Edition, Croivn Svo. y, 6d. 

Commentary on Epistle 
to the Romans. 
By Rev. W. A. O'Conor. 

Crown $vo. 3^. Sd^ 

A Commentary on the 
Gospel of St. John. 
By Rev. W. A. OConor. 

Crown 2fz/o. los, 6d. 

The Epistle to the He- 
brews; with Analytical 
Introduction and Notes. 
By Rev. W. A. O'Conor. 

Crown ^0. 4r. 6d. 



Some Questions of the 
Day. 

By Elizabeth M. Sewell, 
Author of 'Amy Her- 
bert^ 'Passing Thoughts 
on Religion^ &c. 

' Crown Svo, 2s, 6d, 

An Introduction to the 

Sttidy of the New Testa- 
ment, Critical, Exegetical, 
and Theological. 
By the Rev. S. Davidson, 
D.D. LL.D. 

2 vols, Svo, price 3af . 

Thoughts for the Age. 
By Elizabeth M. Sewell. 

Nao Edition. Fcp, Svo, y, 6d. 

Preparation for the Holy 
Communion ; the Devotions 
chiefly from the works of 
Jeremy Taylor. 
By Elizabeth M. Sewell. 

Z2mo, y. 

Bishop yeremy Taylor's 
Entire Works; with Life 
by Bishop Heber. 
Revised and corrected by 
the Rev. C. P. Eden. 

10 vols. £^, 5j, 

Hymns of Praise and 

Prayer. 

Collected and edited by Rev. 
y. MartineaUy LL.D. 

Crown Svo. 4J. 6d. ^mo. u, 6d. 
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Spiritual Songs for the 
Sundays and Holidays 
throughout the Year. 
ByJ.S.B.Monsell, LL.D. 

gtA Thousand, Fcp. %(oo, y \%mc, 2s. 

Lyra Germantca; Hymns 
translatedfrom the German 
by Miss C. Winkworth. 

Fcp. Svo. 5^. 

Lectures on the Penta- 
teuch & the Moabite Stone; 
with Appendices. 
By 7. W. Colenso, D.D. 
Bishop of Natal. 

$V0. 12s. 



Endeavours after the 
Christian Life; Discourses. 
By Rev. J. Martineau, 
LL.D. 

Fifth Edition. Crown Svo, 'js. 6d. 

Supernatural Religion; 
an Inquiry into the Reality 
of Divine Revelaiion. 

Sixth Edition carefully revised^ with ^ pages 
of New Preface, 2 vols, &v. 24X. 

The Pentateuch and Book 
of yoshtia Cntically Ex- 
amined. 

By 7. W. Colenso, D.D. 
Bishop of Natal. 

Crown 8z/^. 6x. 



TRAVELS, VOYAG-ES, &c. 



The Indian Alps, and 
How we Crossed them: 
being a Narrative of Two 
Years' Residence in the 
Eastern Himalayas, and 
Two Months' Tour into the 
Interior, towards Kinchin- 
junga and Mount Everest. 
By a Lady Pioneer. 

With Illustrations from Original Drawings 
made on the spot by the Authoress, 
Imperial Bfvo, 42s, 

I 

Tyrol and the Tyrolese; 
being an Account of the 
People and the Land, in 
their Social, Sporting, and 
Mountaineering Aspects. 

By W. A . Baillie Grohman. 

With numerous Illustrations from Sketches 
by the Author. Crown %vo. 14/. 



^The Frosty Caucasus; 
an Account of a Walk 
through Part of the Range, 
and of an Ascent of Elbruz 
in the Summer of i^yi^. 
By F. C. Grove. 

With Eight Illustrations engraved on Wood 
by E, Whymper, from Photographs 
taken during the Journey , and a Map, 
Crown Sivo. price i^s. 

A yourney of\ ,000 Miles 
through Egypt and Nubia 
to tlie Second Cataract of 
the Nile. Being a Personal 
Narrative of Four and a 
Half Months' Life in a 
Dahabeeyah on the Nile. 
By Amelia B. Edwards. 

With numerous Illustrations from Drawings 
by the Authoress^ Map^ PlanSj Fac- 
similes^ <5r»f. Imperial i^o. 

[In the Autumn, 
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Over the Sea and Far 
Away ;- being a Narrative 
of a Ramble round the 
World. 

ByThos. Woodbine Hinch- 
liff, M.A. F.R.GS. 
President of t/ie Alpine 
Cluby Author of ^Sum- 
mer MoTiths among the 
Alps I &c. 

X vol. medium Zvo, ivlih numerous Plus* 
\Nearly ready. 



trahons. 



Discoveries at Ephesus. 
Including the Site and Re- 
mains of the Great Temple 
of Diana. 
By 7. T. Wood, F.S.A. 

I vol, imperial Svo. copiously illustrated, 

\In the press. 

Through Bosnia and the 

Herzegovina on Foot during 
the Insurrection, August 
and September 1875 ; with 
a Glimpse at the Slavonic 
Borderlands of Turkey, 
By Arthur y. Evans yB. A. 
FS.A. 

Post Svo. with Map and numerotis Ulus- 
trations, \In the press, 

Italian Alps ; Sketches 
in the Mountains ofTicinOy 
Lombardy, the TrentinOy 
and Venetia, 
By Douglas W. Freshfeldy 

Editor of ' The Alpine 

journal' 

Square crown Svo, Illustrations, i$s, 
a5 



Memorials of the Dis- 
covery and Early Settle- 
ment of the Bermudas or 
Somers I stands y from 161 5 
to 1685. Compiled from 
the Colonial Records and 
other original sources. 
By Major-General J, H, 
Lefroyy R.A, C,B, 
F,R.S, Hon, Member 
New York Historical 
Societyy &c. Governor 
of the Bermudas, 

Svo, with Map, [In the press. 

Here and There in the 
Alps, 

By the Hon, Frederica 
Plunket. 

With Vignette-title, Post Svo. 6s. 6d, 

The Valleys of Tirol ; 
their Traditions and Cus^ 
tomSy and How to Visit 
them. 
By Miss R, H, Busk, 

With Frontispiece and 3 Maps, Crffivn 
Stjo, J2S. (kI, 

Two Years in Fiji, a 
Descriptive Narrative of a 
Residence in the Fijian 
Group of Islands; with 
some Account of the For- 
tunes of Foreign Settlers 
and Colonists up to the time 
of British Annexation, 
By Litton Forbes y M.D. 

Crown 8zv. ?J. Cd. 
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Eight Years in Ceylon. 
By Sir Samuel W. Baker ^ 
M.A. F.B.G.S. 

New Edition^ with Illustrations engraved 
on Wood by G. Pearson, Crown Zvo, 
Price 7 J. 6d, 

The Rifle and the Hound 
in Ceylon. 

By Sir Samuel W. Baker ^ 
M.A. F.R.G.S. 

New Edition^ with Illustrations engraved 
on Wood by G. Pearson, Crown Svo. 
Pries *}:, (fd. 

Meeting the Sun ; a 
journey all round the 
World through Egypt, 
China, Japan, and Cali- 
fornia. 

By William Simpson, 
F.R.G.S. 

With Heliotypes and Woodcuts, Sz/o. 24s. 

The Dolomite Moun- 
tains. Excursions through 
Tyrol, Carinthia, Carniola, 
and Friuli. 

By y. Gilbert and G. C. 
Churchill, F.R.G.S. 

With Illustrations, Sq. cr, ^0, 2ls, 

The Alpine Club Map 

of the Chain of Mont 
Blanc, from an actual Sur- 
vey in 1 863- 1 864. 
By A. Adams-Reilly, 
F.R.G.S. M.A.C. 

In ChromolUhography^ on extra stout draw- 
ing paper I Of. or mounted on canvas 
in a folding case, \2s, 6d, 



The Alpine Club Map 
of the Valpelline, tJte Val 
Tournanche, and the South- 
ern Valleys of the Chain of 
Monte Rosa, from actual 
Survey. 

By A. Adams-Reilly^ 
F.R.G.S. M.A.C. 

Utoe 6s, on extra Stout Drawing Paper, or 
7J. dd, mounted in a Folding Case, 

Untrodden Peaks and 
Unfreqtiented Valleys; a 
Midsummer Ramble among 
the Dolomites. 
By Amelia B. Edwards. 

With numerous Illustrations, Svo, 2is. 

The Alpine Club Map 
of Switzerland, with parts 
of the Neighbouring Coun- 
tries, on the scale of Four 
Miles to an Inch. 

Edited by R. C. Nichols, 
F.S.A. FR.G.S. 

In Four Sheets^ in Portfolio, price 42J. 
coloured, or 341. uncohured. 

The Alpine Guide. 
By John Ball, M.R.LA. 
late President of the 
Alpine Club. 

Post Sivo, with Maps and other Illustrations, 

Eastern Alps. 

Price los. 6d, 

Central Alps, including 
all the Oberland District. 

Price is, 6d, 
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JVestern Alps, including 
Mont Blanc, Monte Rosa, 
Zermattf &c. 

Price 6s. 6d. 

Introduction on Alpine 
Travelling in general, and 
on the Geology of the Alps. 

Price IS, Either of the Three Volumes or Parts 
of the ^Alpine Guide^ may bt had with 
this Introduction ftrefixed^ is. extra. 
The ^Alpine Guide ^ may also be had 
in Ten separate Parts, or districts, price 
2J. (}d. each. 



Guide to the Pyrenees, for 
the use of Mountaineers. 
By Charles Packe. 

Second Editivn, with Maps &*c. and Ap* 
pendix. Crown Svo. ys. 6d. 

How to See Norway; 
embodying the Experience 
of Six Summer Tours in 
that Country. 
By y. R. Campbell. 

WUh Map and 5 Woodcuts, fcp. Svo. Ss. 



W^ORKS of 

Higgledy-Piggledy ; or, 
Stories for Everybody and 
Everybody's Children. 
By the Right Hon. E. H. 
Knatchbull - Hugessen, 
M.P. Author of 'Whis- 
pers from Fairyland' 
&c. 

With 9 Illustrations from Original Designs 
by R, Doyle^ engraved on Wood by 
G, Pearson. Craiun 2fvo, price dr. 

Whispers from Fairy- 
land. 

By the Rt. Hon. E. H. 
Knatchbull - Hugessen, 
M.P. Author of ' Hig- 
gledy-Piggledy' &c. 

With 9 Illustrations from Original De- 
signs engraved on Wood by G, Pear* 
son. Crown ^0. price 6j. 
* A series of stories which are certain of a ready 



welcome by all boys and girls who uke delight 
dreamland, and love to linger over the pranks a 



and 



frolics of fairies. The book is dedicated to the 
mothers of England, and more wholesome food for 
the growing mind it would be unreasonable to desire, 

and impossible to procure This welcome 

volume abounds in vivacity and fun, and bears 

{)leasant testimony to a kindly-hearted Author with 
ancy, feeling, and humour.' Morning Post. 



FICTION. 

The Folk-Lore of Rome, 
collected by Word of Mouth 
from the People. 
By Miss R. H. Busk. 

Crown Svo. 12s. 6d. 

Becker's Gallus; or Ro-^ 
man Scenes of the Time of 
Augustus. 

Post Svo. 7 J. 6d. 

Becker's Charicles : Il- 
lustrative of Private Life 
of the Ancient Greeks. 

Post Svo. 7 J. 6d. 

Novels and Tales. 

By the Right Hon. Benja- 
min Disraeli^ M.P. 

Cabinet Editions^ complete in Ten Volumes^ 
crown Svo. 6s. eacA, as follows : — 



ZotAaif'f 6s. 
Coningsb)'^ 6s. 
Sybil, dr. 
Tancred, 6s. 



Venetia, dr. 
Alroy,/xion, <Sr»f. 6s, 
Young DukCy &*c. 6s, 
Vivian Grey^ 6s. 



Henrietta Tentple, dr. 
Contarini Flemings (Sr»f. 6s'. 
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The Modern Novelisfs 
Library. 

Atherstone Priory^ 2s. hoards ; 2J. dd, cloth, 

Mile. Mori, 2s. hoards ; 2s, 6d, cloth. 

The Burgomasters Family, 2s, and 2s. 6d. 

Melville's £>i£dy Grand, 2s. and 2s. 6d, 

Gladiators, 2s. and 2s.6d. 

— — » Good for Nothing,7s. fv*2s. 6d. 

Holmby House, 2s. and 2s. 6d, 

'i Interpreter, 2s. and 2s. 6d. 

— — — ^ UTate Coventry, 2s. and 2s. 6d, 

Queetts Maries, 2s. and 2s. 6d. 

• General Bounce, 2s. and2s. 6d. 

Trollope's Warden, is. 6d. and 2s. 

Barchester Towers, 2s. <5r»2J. 6</. 

Bramley-Moore's Six Sisters of tJu Val- 
leys, 2s. boards ; 2s. 6d. cloth. 

Elsa : a Tale of the Tyrolean Alps. Trans- 
lated from the German of Mme. Von 
Hillern by Lady Wallace. Price 2s. 
boards ; zr. (>d. cloth. 



Tales of Ancient Greece^ 
By the Rev. G. W. Cox^ 
M.A. 

Craivn %vo. 6j. 6^. 

Stories and Tales. 

By Elizabeth M. SewelL 
Cabinet Edition^ in Tett 
Volumes : — 



Amy Herbert, 2s. dd. 
Gertrude, 2s. 6d. 
Earts Daughter, 

2s. 6d. 
Experience of Life, 

2s. (m. I 

Cleve Hall, 2s. 6d. 



Ursula, y. 6d. 



Ivors, 2s. 6d. 
Katharine Ashton^ 

2s. 6d. 
Margaret Percival^ 

y. 6d. 
Laneton Parsonage^. 

3J. (id. 



POETRY and THE DRAMA. 



Ballads and Lyrics of 
Old France; with other 
Poems. 
By A. Lang, M.A. 

Square fcp. %vo. 5j. 

The London Series of 

French Classics. 

Edited by Ch. Cassaly 
LL.D. T. Karchery 
LL.B. and Ldonce Sti- 
evenard. 

The following Phys, in the Division of 
the Drama in this Series, are now ready : — 
Corneille*s Le Cid, is. 6d. 
Voltaire's Zaire, is. 6d. 
Lamartine's Toussaint LouverturCy double 
volume, 2s. 6d, 

Milton's Lycidas and 
Epitaphium Damonis. 
Edited, with Notes and 

Introdtictiony by C. S. 

y errant, M.A. 

• Crown Svo. 2s. 6d, 



Lays of Ancient Rome ;^ 
with Ivry and the Ar- 
mada. 

By the Right Hon. Lorct 
Macaulay. 

l6rno. 3x. 6d, 

Lord Macaulay' s Lays 
of Ancient Rome. Witk 
90 Illustrations on Wood 
from Drawings by G^ 
Scharf. 

Fcp. 4/^. 21J. 



Miniature Edition of^ 
Lord Macaulay' s Lays 
of Ancient Rome^ witk 
Scharf s 90 Illustrations 
reduced in Lithography. 

Imp. i6mo. los. 6d, 
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H or atii. Opera, Library 
Editiofiy with English 
NoteSy Marginal References 
and various Readings. 
Edited by Rev. J. E. Yonge, 
M.A. 

SVO, 21S, 

Sout key's Poetical JVorks 
with the Author^ s last Cor- 
rections and Additions. 

Medium ^o. with Fartraitf 14J. 

Bowdler's Family Shak- 
speare, clieaper Genuine 
Edition. 

Complete in I vol. medium ^0, large type, 
ivith 36 Woodcut Illustrations, l^, or 
in 6 vols, fcp, %fvo, price 2IJ. 



Poems by Jean Ingelow. 

2 vols, Fcp, $vo, lar. 

First Series, containing ^Divided,* * T/te 
Star's Monument,'' ^c, i6tA Thousand, 
Fcp, Svo, 5j. 

Second Series, *A Stotyo/JDoom,' * Gla- 
dys and her Island,^ 6*f. ^th Thousands 
Fcp, %vo. 5j. 

Poems by yean Ingelow. 
First SerieSy with nearly 
100 Woodcut Illustrations. 

Fcp, i^o, 2 1 J. 

The jEneid of Virgil 
Translated into English 
Verse. 
By y. Conington, M.A. 

Crown %vo, 9J. 



RURAL SPORTS, HORSE and CATTLE 
MANAGEMENT, &c. 



Annals of the Road, 
being a History of Coaching 
front the Earliest Times to 
the Present. 

By Captain Malet. With 
Practical Hints on Dri- 
ving and all Coaching 
matters, by Nimrod. 

Fepiinted from the Sporting Magazine 
by permission of the Proprietors, I vol, 
medium ^0, with Coloured Plates, 
uniform ivith Mr, Birch Reynardson^s 
• Dorwn the Road,' [On May I. 

Down the Road ; or. 

Reminiscences of a Gentle- 
man Coachman. 
By C. T. S. Birch Rey- 
nardson. 

Second Edition, imth 12 Coloured Illnstra^ 
tions from Paintings by //. Aiken, 
Medium Svo, price 2\s, 



Blaine's Encyclopcedia of 
Rural Sports; Complete 
Accounts^ Historical, Prac- 
tical, and Descriptive, of 
Hunting, Shooting, Fish- 
ing, Racing, &c. 

With above 600 Woodcuts {20 from Designs. 
^^^ John Leech). Svo, 21s. 

A Book on Angling: 
a Treatise on the Art of 
Angling in every branch, 
including full Illustrated 
Lists of Salmon Flies. 
By Francis Francis. 

Post Svo, Portrait and Plates, 155. 
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JVilcocks's Sea-Fisher- 
man : comprising the Chief 
Methods of Hook and Line 
Fishing, a glance at Nets, 
and remarks on Boats and 
Boating. 

New Edition^ with 8o Woodcuts, Post %vo, 
1 2 J. id. 

The Ox, his Diseases and 
their Treatment ; with an 
Essay on Parturition in the 
Cow. 

By y. R. Dobson, Memb. 
R.C.VS. 

Crown Svo, with Hiustrations *js, 6d. 

Youatt on the Horse. 

Revised and enlarged by W. 
Watso7t, M.R,C.V.S. 

Sa/o. Woodcuts f I2s, 6d, 

Yotiatfs Work on the 

Dog, revised and enlarged. 

Svo. WoodcutSf 6s, 

Horses and Stables. 
By Colonel F. Fitzwygram^ 
X V. the Kings Hussars. 

With 24 Plates of Illustrations. %vo, los. 6d, 

The Dog in Health and 
Disease. 
By Stonehenge. 

With 73 Wood Engravings, Square crown 
&/0. Is, 6d, 



The Greyhound. 
By Stonehenge. 

Revised Edition^ with 25 Portraits of Grey ^ 
hounds y dr»f. Square crown ^vo. l^s. 



Stables and Stable Fit^ 
tings. 
By W. Miles y Esq. 

Imp, Svo. with 13 Plates, i^s. 



The Horse's Foot, and 
how to keep it Sound. 
By W. Miles, Esq. 

Ninth Edition, Imp. Svo, Woodcuts , 12s. 6d, 

A Plain Treatise on 

Horseshoeing. 
By W. Miles, Esq. 

Sixth Edition, Post %vo. Woodcuts, 2s. 6d, 

Rem a rks on Horses* 
Teethy addressed to Pur- 
chasers, 
By W. Miles y Esq. 

Post Svo, IS, 6d. 



The Fly-Fisher's Ento-- 
mology. 
By Alfred Ronalds. 

With 20 coloured Plates, Svo. 14s, 
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^VORKS of UTILITY and GENERAL 
INFORMATION. 



Maunder' s Treasttry of 
Knowledge and Library of 
Reference ; comprising an 
English Dictionary and 
Grammar, Universal Ga- 
zetteer, Classical Diction- 
ary, Chronology, Law Dic- 
tionary, Synopsis of the 
Peerage, Useful Tables,&c. 

Maunder' s Biographical 
Treasury. 

Latest Edition, recon- 
structed and partly re- 
written, with about \,oOO 
additional Memoirs^ by 
W.L.R. Gates. 

Fcp. Svo. 6s. 

Maunders Scientific and 
Literary Treasury; a 
Popular Encyclopedia of 
Sciefice, Literature, and 
Art. 

New Edition, in part re- 
written,with above i,ooo 
new articles, by y. V. 
Johnson. 

Fcp, %vo, df. 

Maunders Treasury of 
Geography, Physical, His- 
torical, Descriptive, and 
Political. 

Edited by W. Hughes, 
F.R.G.S. 

With 7 Maps and i6 PlaUs. Fcp, %fvo, dr. 



Maunder' s Historical 
Treasury ; General Intro- 
ductory Outlines of Uni- 
versal History, and a 
Series of Separate His- 
tories. 

Revised by the Rev. G. W. 
Cox, M.A. 

Fcp. Sva. 6s, 

Maunders Treasury of 
Natural History ; or Popu- 
lar Dictionary of Zoology. 



Revised and corrected Edition, 
with 900 Woodcuts, dr. 



Fcp. %vo. 



The Treasury of Bible 
Knowledge ; behig a Dic- 
tionary of the Books, Per- 
sons, Places, Events, and 
other Matters of which 
mention is made in Holy 
Scripture. 
By Rev. J. Ayre, M.A. 

With Maps, 1 5 Plates, and numerous Wood- 
cuts, Fcp, Sz'o. 6s, 

The Theory and Prac- 
tice of Banking. 
By H. D. Macleod, M.A. 

Third Edition, revised throughout, Szo 
price I2s. 

The Elements of Bank- 
ing. 

By Henry Dunning Mac* 
leod, Esq, M.A. 

Crown Svo, 'js, 6d, 
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Modern Cookery for Pri- 
vate Families^ reduced to a 
System of Easy Practice in 
a Series of carefully-tested 
Receipts. 
By Eliza Acton. 

With %Plates^l$o Wvodcuts. Fcp. $vo, 6s, 

A Practical Treatise on 
Brewing; with Formulce 
for Public ^Brewers y and 
Instructions for Private 
Families. 
By W. Black. 

Fifth Edition. %vo, loj. dd. 

English Chess Problems. 
Edited by J. Pierce^ M.A. 
and W. T. Pierce. 

With 608 Diagrams, Cronvn %vo, izr. 6^. 

The Theory of the Mo- 
dern Scientific Game of 
Whist. 
By W. Pole, F.R.S. 

Seventh Edition. Fcp. Svo. 2s. 6d, 

The Correct Card; or, 
How to Play at Whist : a 
Whist Catechism. 
By Captain A. Campbell- 
Walker^ 

Fcp. Svo. \N'early ready. 



The Cabinet Lawyer ; a 
Popular Digest of the Laws 
of England^ Civile Crimi- 
nal, and Constitutional. 

Twenty-fourth Edition, corrected and cx^ 
tended. Fcp. ^0. gs, 

Pewtner's Comprehensive 

Specifier ; a Guide to tlie 
Practical Specification of 
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